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SINGLE-STAGE EVALUATION 

OF HIGHLY LOADED, HIGH-MACH-NUMBER COMPRESSOR STAGES 
V. DATA AND PERFORMANCE 
OF BASELINE, CORNER-BLOW, WALL SUCTION, 

AND COMBINED CORNER-BLOW AND WALL SUCTION STATOR 

J. P. Nikkanen and J. D. Brooky 
Pratt & Whitney Aircraft Division 
United Aircraft Corporation 

SUMMARY 

A compressor stage with a rotor tip speed of 1600 ft/sec was tested to evaluate the effective- 
ness of several stator endwall treatment methods. Blowing was applied in the comers formed 
by the stator suction surface and the ID wall and stator suction surface and OD wall. Annulus 
suction was applied at both ID and OD walls ahead of the stator leading edge plane. A com- 
bination of blowing and annulus wall suction was also applied at both ID and OD. 

Comparison of data taken with and without blowing showed no significant changes in stage 
performance. With suction and combined suction and blowing, the corrected peak efficiency 
dropped 2.5 percent relative to the baseline. Blowing and combined suction and blowing gave 
reduced stator endwall losses, but these reductions were too small and too local to affect the 
overall stage performance. The weight flows at surge were practically the same for each of the 
stator endwall treatment methods and resulted in a surge line identical to that for the baseline 
data. 


INTRODUCTION 

Recent results from research compressors have shown that compressor rotors can be designed 
to operate with a high aerodynamic blade loading and/or a high inlet relative Mach number 
and still achieve good efficiency (85 to 94 percent) with acceptable stall-margin (12 to 15 per- 
cent). However, there is a severe penalty on stage efficiency due to high stator-losses. The 
major portion of the high loss region occurs in the vicinity of the stator endwalls. Therefore, 
gains in stage performance are limited by the level of losses in the stator endwall regions. In 
addition to high stator-losses, in many cases the stall-free range of the compressor stage is 
limited by stator stall. 

As part of Contract NAS3-10482, a stator endwall treatment test program was initiated to 
investigate the effectiveness of various types of endwall treatments on reducing stator losses 
and increasing the stator stall-free range of operation. The single-stage compressor used in 
this investigation was the same compressor used in the work presented in reference 1 with 
stator comer-blow and wall-suction added. To evaluate the effect of endwall treatment on 
stator range, the stator vanes were restaggered four degrees open (increased incidence) with 
respect to the design stagger. This compressor had a design rotor tip-speed of 1600 ft/sec and 
demonstrated a rotor pressure ratio of 2.0, a rotor efficiency of 89 percent, a stage pressure 
ratio of 1.946, and a stage efficiency of 84.5 percent. 
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Small amounts of blowing air have been used in the past to energize boundary layers. The 
comer-blow technique is an adaptation of this concept to stator endwalls. Since stator end- 
wall loss is a function of inlet condition, a reduction in inlet boundary layer should reduce the 
loss; the wall-suction concept is an effort to do this. 

This report presents the results of applying stator comer-blow, wall suction, and combined 
comer-blow and wall suction to a highly-loaded, high-Mach-number single-stage compressor. 

TEST APPARATUS 


TEST COMPRESSOR 

The compressor used in this program, Figure 1 , was a highly-loaded, high-Mach-number, 
single-stage compressor with no inlet guide vanes, 30 MCA rotor blades, and 44 MCA stator 
vanes. It was the same compressor as used in the work presented in reference 1 except for 
the addition of comer-blow nozzles and wall suction slits and restaggered stator blades. The 
stator blades were restagged four degrees to increase incidence so that the effects of endwall 
boundary layer control treatments on stator flow range could be evaluated. The rotor was 
the same one used in the work presented in reference 2. A summary of rotor and stator de- 
sign parameters is provided in the table below. Complete design details are given in refer- 
ence 3. 


MCA ROTOR AND STATOR DESIGN PARAMETERS 


ROTOR - STATIONS 8 AND 9 


% Span 

Dia - 1 

Dia -2 

0*1 

0*2 

0* Iss 

0* sh 

Solidity 

5 (hub) 

17.47 

19.77 

48.97 

1.87 

55.40 

45.74 

2.276 

10 

18.47 

20.41 

49.59 

9.63 

56.02 

46.76 

2.173 

15 

19.47 

21.05 

50.44 

16.51 

56.59 

47.76 

2.080 

30 

22.31 

22.96 

53.77 

29.73 

57.87 

50.53 

1.855 

50 

25.79 

25.52 

56.40 

42.30 

59.30 

54.68 

1.638 

70 

28.95 

28.08 

59.08 

50.53 

61.07 

59.17 

1.476 

85 

31.29 

29.99 

61.63 

54.11 

62.96 

63.01 

1.379 

90 

31.88 

30.63 

62.53 

55.10 

63.65 

64.18 

1.355 

95 (tip) 

32.50 

31.27 

63.21 

55.84 

64.14 

64.96 

1.332 

STATOR 

-STATIONS 10 AND 11 





5 (hub) 

20.41 

21.49 

39.23 

-16.41 

42.15 

34.47 

2.010 

10 

21.01 

21.96 

38.27 

-15.44 

41.21 

32.62 

1.959 

15 

21.59 

22.43 

37.42 

-14.89 

40.36 

30.94 

1.911 

30 

23.31 

23.90 

35.44 

-15.22 

38.44 

27.18 

1.781 

50 

25.60 

25.89 

33.60 

-16.04 

36.72 

24.01 

1.632 

70 

27.82 

27.90 

32.45 

-17.48 

35.68 

22.38 

1.508 

85 

29.41 

29.38 

32.12 

-19.91 

35.44 

22.82 

1.430 

90 

29.91 

29.86 

32.15 

-21.40 

35.48 

23.36 

1.407 

95 (tip) 

30.38 

30.29 

32.33 

-23.69 

35.69 

24.40 

1.387 


NOTE: Symbol definitions appear in Appendix D. 
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AERODYNAMIC DESIGN 


Corner-Blow Stator 

Significant improvements in stator performance can be obtained by reducing endwall losses. 
Studies have shown that separation in the comer between the stator suction surface and end- 
walls is a major source of loss. A stator endwall boundary layer control system was designed 
which uses blowing to energize this comer flow. The methods used to determine the separa- 
tion points of the comer boundary layer and to calculate blowing flow rates required to pre- 
vent separation are outlined below. 

The shape parameter introduced by K. Gersten [ref. 4] for a three-dimensional comer boundary 
layer 



was used as the criterion for comer separation. Gersten found that turbulent comer separation 
occurs for T 3 = -0.007. A chordwise distribution of T 3 was calculated from airfoil static 
pressure distribution data obtained from the MCA stator tests conducted under NASA Con- 
tract NAS3-7614 in which stator geometry and aerodynamic conditions were very similar to 
those of the subject investigation. The distribution of the local values of pressure coefficient 
used is shown in Figure 2. Two probable points of comer boundary layer separation are in- 
dicated on the chordwise distribution of T 3 shown in Figure 3. They occur at approximately 
22 and 52 percent of the stator chord length where T 3 is about -0.007. Even when the bound- 
ary layer at 22 percent chord was assumed to be completed energized, calculations showed 
that separation may still occur at approximately 65 percent chord. Nozzles were located in 
both the hub and tip stator case at 18 and 48 percent chord to blow high-energy air into the 
comer boundary layer just upstream of each potential separation point. Blowing simultaneously 
through both sets of nozzles should prevent separation at both chordwise locations. Require- 
ments for operating with one-half optimum blowing flow were met by using nozzles at only 
one chordwise location, giving reduced flow while maintaining high velocity in the blowing 
flow. 

The blowing rate required to prevent separation at each separation point is given by the ex- 
pression 


w b,.„ = p„ V, s (ks/TuTj 5 x * 2 j (2) 

where K is a shape factor for comer boundary layers obtained empirically from P&WA cas- 
cade experiments. 

Figure 4 presents a sketch of the comer boundary layer showing the extent of the interference 
region, t, where the stator gapwise velocity profiles are affected by the comer. 
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Chordwise distributions of the velocity and interference momentum loss area used in the solu- 
tion of equation (2) were calculated from the pressure coefficients, C , obtained from the 
stator tests conducted under NASA Contract NAS3-7614. The distribution of 8* 2 was found 
from a correlation of cascade data [ref. 5]. A correlation of endwall boundary layer growth 
[ref. 5] was used to predict displacement thicknesses on hub and tip walls at the rotor exit 
and stator exit. Rotor inlet boundary layer measurements obtained in tests of a similar single- 
stage compressor in the same test stand were assumed to be the same for the subject stage. 
Calculated growths through the rotor and stator gave displacement thicknesses at the stator 
exit which were in good agreement with displacement thicknesses calculated from wake rake 
measurements during tests of this compressor. 

Blowing flow rates at the probable points of boundary separation were established by inter- 
grating chordwise distributions of the local values of flow given by equation (2). This pro- 
cedure provided a flow rate at one point equivalent to what would be supplied by a continu- 
ous slit at the comer between the stator suction surface and the endwalls. It gave a surplus 
flow to insure that the boundary layer was energized. The total design flow at 18 and 48 per- 
cent chord was 0.158 lb/sec at the hub for 44 vanes calculated with this procedure and 0.096 
lb /sec at the tip. The nozzles were designed to operate choked, with blowing flow rate con- 
trolled by the stator hub and tip supply pressures. 

Wall-Suction-Stator 


A wall-suction boundary layer control scheme was designed to improve stator performance by 
reducing the stator inlet displacement thickness. This was accomplished by removing wall 
boundary layer air through annular slits upstream of the stator leading edge, Figure 5. Enough 
flow was extracted to reduce 5* 2 , the boundary layer thickness at the stator inlet, below the 
value at which separation was predicted to occur. This value of 5* 2 was calculated using the 
expression 



and K 1 



K 1 and Kj have been correlated with cascade data [ref. 5] . 

The amount of suction flow required to obtain the desired 5*_ was obtained from 


W 


SUCTION 


= 2irT As v , 


(».* - 


where 6 2 is the momentum thickness downstream of the suction slit 


a,2 


H, \ C IS 


x2 1 a, 2 


) 


(4) 


(5) 
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and 6 is the momentum thickness upstream of the suction slit 

a,1 


a,1 


JLL 


H 


a,1 


( 6 ) 


where 


H 


a 


2 5 

— + 1 and — — = 
n 5 n + 


The displacement thickness, 5*, and the boundary layer thickness, 6, were calculated from 
data taken during the MCA and tandem rotor tests. 


The hub and tip suction slit flow rates calculated using equation (4) were 2.02 and 2.66 lb/sec, 
respectively. The tip slit was designed to operate choked, but choked operation of the hub 
slit was not possible because of piping limitations. 


MECHANICAL DESIGN 


Baseline Stator 

The baseline stator configuration was the same as that tested with stator hub slit suction 
"[ref. 2] except that there were no suction slits in the comer between the vane suction surface 
and the hub endwall. As shown in Figure 1 , tubes were located in the hub and tip endwalls 
which were used as blowing nozzles during the comer-blow-stator test. Blowing flow was not 
supplied to these tubes during baseline stator tests. 

Comer-Blow-Stator 

Blowing nozzles were located at 18 and 48 percent of the chord length in comers followed by 
the vane suction surfaces and endwalls at both the stator hub and tip (Figure 5). These nozzles 
directed blowing flow tangent to vane suction surface and at an angle of between 10 and 15 
degrees to the endwalls. Four common manifolds supplied pressurized air to sets of blowing 
nozzles at the same location on all the vanes. The flow rate into each of the four common 
manifolds and the total pressure and total temperature in each manifold were measured. These 
measurements were used to calculate the pressure of air entering the compressor using a cali- 
bration of Pt-nozzle-exit/Pt-manifold versus blowing flow rate corrected to the manifold tem- 
perature and pressure. Each set of forty-four blowing tubes at a given vane location could be 
operated and controlled independent of the other sets. 

A sample vane and blowing-nozzle-assembly was calibrated to determine the choke flow rate 
and pressure loss for each of the four nozzle configurations. The assembly was connected to 
a variable high-pressure air supply to simulate the manifold that supplies the nozzles in the 
test stage. Flow rates were measured for nozzle exit pressures from 1 .4 to 2.2 times atmos- 
heric pressure, and the choke flow rate was determined for each nozzle. Based on the results 
of this calibration, a blowing nozzle tube inner diameter of 0.096 inch was selected. With this 
tube size, the ID and OD nozzles were capable of supplying 260 and 240 percent of their 
respective design flow rates. 
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Wall-Suction-Stator 


Wall boundary layer air was extracted through annular slits in the flowpath casing, shown in 
Figure 6, and collected in separate hub and tip plenums which were evacuated by external 
exhausters. The hub slit annulus was 0.170 inch wide and made an angle of 38 degrees with 
the flowpath. The tip slit annulus was 0.140 inch wide and made on air angle of 25 degrees 
with the flowpath. Flow rate, total pressure, and total temperature were measured for each 
plenum. 

Four hollow struts ahead of the rear bearing supports removed the boundary layer air extracted 
through the hub slit (Figure 1). Flowpath exit area requirements limited the number and size 
of the struts used to remove the suction flow. Additional blockage from more than four struts 
would have caused the compressor discharge flow to choke near the hub at the wide open 
throttle data point. With only four struts and a requirement to pass a flow of 2.02 lb/sec, it 
was necessary to design the suction system for low pressure-loss. Slit manifold pressure was 
below the lowest gapwise static pressure previously measured at the stator inlet; therefore, 
recirculation should not have occurred in the slots during slot suction testing. 

During the comer blow stator test, the annular wall-suction slits were sealed to prevent re- 
circulation in the slits due to the static pressure variation across the gap between adjacent 
stator vanes. Access for removing the sealer material from the hub and tip slits was obtained 
by removing the rotor and front shaft assembly at the test stand. 

Combined Comer-Blow Wall-Suction Stator 

Simultaneous or independent operation of the comer-blow nozzles and the annular wall-suc- 
tion slits was possible with this stator. For tests with combined comer-blowing and wall suc- 
tion, both treatments were operated simultaneously. 

FACILITIES 

To satisfy the blowing and suction flow requirements for the boundary layer control treat- 
ments, connecting piping was designed to provide access to the test facility suction and high 
pressure air supply systems (Figure 7). The design provided remotely and independently con- 
trollable flow rates for each of the four sets of blow nozzles and each of the two annular wall- 
suction slits. Other facility hardware was the same as described in reference 1 . 

INSTRUMENTATION AND CALIBRATION 

Static pressure in the four blowing-nozzle manifolds and in the hub annular wall-suction slit 
plenum was measured by means of four static pressure taps, and the total temperature was 
measured with two bare-wire thermocouples. Eight static pressure taps and four bare-wire 
thermocouples were used to measure the static pressure and total temperature in the tip wall- 
suction slit plenum. There were two static pressure taps and one thermocouple in each of 
four 90-degree segments of the tip plenum. Blowing and suction flow rates for each manifold 
or plenum were measured by means of sharp edge orifices. Other instrumentation was as de- 
scribed in reference 1 . Typical instrumentation is shown in Figure 8, and axial and circumfer- 
ential locations of instrumentation are shown in Figures 9 and 10, respectively. 
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TEST PROCEDURE 


Uniform inlet-flow was used for all tests. Vibratory stresses were measured with strain gages 
located at selected blades and vanes and were monitored and/or recorded by on-stand equip- 
ment. The test program was divided into two phases. During the first phase, which included 
baseline and corner-blow stator tests, the annular wall-suction slit upstream of the stator was 
sealed to prevent the baseline stator performance from being affected by recirculation in these 
slits. The second phase of the test program was conducted after this sealer material was re- 
moved. This was accomplished at the test stand by separating the rotor front-shaft assembly 
from the rear shaft to provide access to the suction slits. 

PHASE I - BASELINE AND CORNER-BLOW STATOR TESTS 

Comer-Blow Flow Optimization Tests 

To determine the optimum comer-blow flow to be used for subsequent testing, overall and 
blade element performance data were taken at five points at design speed near peak efficiency. 
At each of these five data points, a different combination of the four sets of blowing nozzles 
were operated at choke flow. Choke flow through the forty-four hub nozzles at 18 and 48 
percent chord-lengths was 0.22 Ib/sec and 0.19 lb/sec, respectively. Choke flow through the 
tip nozzles at 18 and 48 percent chord-lengths was 0.21 lb/sec for each set of nozzles. The 
following nozzle combinations were tested: 

1 . all four nozzles operative 

2. only the two hub nozzles operative 

3. only the two tip nozzles operative 

4. only the hub and tip nozzles at 18 percent of the vane chord-length operative 

5. only the hub and tip nozzles at 48 percent of the vane chord-length operative. 

Data were taken at another point without blowing flow to provide a baseline for comparing 
the effects of the different nozzle combinations. The compressor discharge throttle setting 
was identical for all six data points and only the number of operative nozzles was varied. 
Because of the small changes in performance seen with blowing, combination 1 (all four 
nozzles operative) was selected as the optimum combination for further testing. 

Rotating-Stall Surveys 

Rotating stall surveys were conducted at 50, 70, 90, and 100 percent of design speed. The 
surveys were conducted both without blowing flow and with optimum blowing flow. These 
surveys consisted of determining the point of initiation of rotating stall and the radial extent 
of the stall zones. As the discharge throttle was closed from wide open into stall, velocity 
fluctuations at the rotor inlet were measured and recorded simultaneously with the measure- 
ments from strain gages, a speed signal, and the measurements from a stator leading edge 
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static pressure probe. The strain gages were located on selected stators and rotors, and the 
velocity fluctuations were measured by means of three-sensor hot-film probes at 25, 50, and 
80 percent span from the hub. 

I 

Overall and Blade Element Performance Tests 

Twenty overall and blade element performance data points were taken without blowing flow 
and 20 with blowing flow. The points were taken over a range between wide-open throttle 
and stall at 50, 70, 90, and 100 percent of design speed. Stall flow was also measured for each 
of these percent speeds. Sixteen performance data points were taken with choked blowing 
flow through different combinations of nozzles. Five data points were taken at both 70 and 
100 percent of design speed with the optimum flow rate; all four blowing nozzles were oper- 
ative. At design speed, five points were also taken with one-half the optimum flow rate- 
choked blowing flow through two of the four nozzles (the hub and tip nozzles at only 48 
percent of the vane chord-length). One additional near-stall point was taken with the hub and 
tip nozzles at only 1 8 percent of the vane chord-length operative. The data points taken with- 
out blowing flow were at identical compressor throttle settings. This was accomplished by 
first setting a particular operating condition without blowing, taking overall and blade-element 
performance data, and then successively repeating the data point after introducing blowing 
flow through the different nozzle combinations to be tested. 

Boundary Layer Surveys 

Boundary layer surveys were conducted at the stator inlet and exit for six data points at design 
speed. At three discharge throttle settings, data were taken first without blowing flow and 
then with choked blowing flow through all four nozzles. A boundary layer survey was also 
conducted at a near-surge point at 90 percent of design speed without blowing flow. These 
surveys consisted of radial and tangential traverses of total pressure, total temperature, static 
pressure, and airflow angle at 15 radial locations. Tangential traverse data were used to make 
contour plots of these parameters at the stator exit. 

PHASE II - WALL-SUCTION AND COMBINED CORNER-BLOW WALL-SUCTION STATOR 
TESTS 

Wall-Suction/Flow Optimization Tests 

At the design speed and peak efficiency throttle setting, five data points were taken with dif- 
ferent amounts of suction flow through the hub and tip annular slits to determine the opti- 
mum suction flow rate for further testing. Data points for the following conditions were ob- 
tained: 

1 . maximum suction flow through both the hub and tip slits 

2. maximum suction flow through the hub slit only 

3. maximum suction flow through the tip slit only 
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4. 75 percent of the maximum hub and 84 percent of the maximum tip suction 
flow rate 

5. 65 percent of the maximum hub and 76 percent of the maximum tip suction 
flow rate 

The maximum hub suction flow rate achieved was 1.71 lb/sec as compared to a design flow 
rate of 2.02 lb/sec. Design hub suction flow rate was not achieved because of high losses in 
the piping system used to remove the hub suction flow. The maximum tip suction flow rate 
achieved was 2.67 lb/sec as compared to a design flow rate of 2.66 lb/sec. Maximum flow 
through the hub and tip annular slits was selected as the optimum flow rate for further test- 
ing. 

Rotating Stall Surveys 

Rotating stall surveys were conducted at 50, 70, 90, and 100 percent of design speed with the 
optimum wall-suction and with combined optimum comer-blowing and optimum wall-suction 
flow. These surveys were conducted in the same manner as for the baseline and comer-blow- 
ing stator tests. 

Overall and Blade-Element Performance Tests 

Eight overall and blade-element performance data points were taken at 70 and 100 percent of 
design speed with both optimum wall-suction flow and combined optimum wall-suction and 
comer-blowing (a total of sixteen data points). For each boundary layer treatment, five of 
the data points were taken at 70 percent of design speed, but only three data points were 
taken at design speed because the program was abbreviated due to test facility difficulties. As 
in the baseline and comer-blow stator tests, speed and throttle settings were made with suction 
only and then data points were taken with and without blowing flow. 

Boundary Layer Survey 

Boundary layer surveys were conducted at three throttle-settings at design speed with wall- 
suction and then with combined wall-suction and comer-blowing (a total of six data points). 
The surveys were conducted at approximately the same operating conditions as the boundary 
layer surveys with the baseline and comer-blow stators so that the stator exit contours could 
be compared for all four stators. 

CALCULATION PROCEDURES 

Raw data measurements from all probes were converted to engineering units, aerodynamically 
corrected, and mass averaged in the same manner as discussed in reference 1 for uniform inlet 
flow. Blade element and overall performance parameters were calculated similar to reference 
1 but with corrections made to account for flow added or extracted between the rotor inlet 
and stator exit. The corrections made are explained below. 

The flow-field analysis computer program of reference 1 was used with modified input pro- 
cedures to simulate the physical processes of blowing and wall suction. Each data point with 
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blowing and without blowing (baseline) was taken at the same throttle setting. Each data 
point with blowing and wall-suction combined and wall-suction alone was also taken at the 
same throttle setting. The input to the flow-field program for blowing included measured dis- 
tributions of rotor total pressure ratio and temperature ratio from the baseline point and with 
radial distributions of stator exit pressure, air angle, and wake blockage factors from blowing 
point measurements. For the combined blowing and suction points, the flow-field program 
input used radial distributions of rotor total pressure ratio and total temperature ratio from 
the suction-alone point with stator exit pressure, air angle, and wake blockages as measured 
with combined blowing and suction. 

All points with suction had stator leading and trailing edge blockage factors reduced so that 
the streamline calculation used the correct effective flow area to obtain velocity distributions 
at these locations. 

The computer program used to calculate overall system efficiency and pressure ratio was sep- 
arate from the computer program used to calculate stator recovery. System efficiency was 
defined as ideal-work/actual-work in the conventional manner but accounted for blowing 
and suction flows. Ideal work is the net isentropic work required to bring all constituent 
flows reaching the stator exit to the mass-averaged stator exit pressure. This ideal work 
accounts for high-pressure blowing from an outside source. The actual-work calculation in- 
cluded rotor work done on the flow that reaches the stator exit and rotor work on the suc- 
tion flow extracted at the stator inlet. It did not include the work done by the facility ex- 
hausters or blowers. System performance was calculated for each configuration tested using 
equations derived in Appendix B. Calculations for the comer blow and combined blowing- 
suction configuration included overall pressure ratio and stator recovery corrections due to 
the mixing of high-pressure blowing air with mainstream air. The wall-suction overall rotor 
and stage pressure ratios and stator recovery are the radially mass-averaged values calculated 
by the flow-field program as was done for baseline performance. A detailed description of 
the overall performance calculation for each configuration is provided in Appendix B. Ad- 
justed efficiency, pressure ratio, and stator recovery are tabulated for each data point in 
Appendix C. 

For the boundary layer survey points, overall performance and blade element calculations 
were made using the wake rake data, and contour plots of P, p, j3, and T were generated from 
combination-probe measurements. Velocities were calculated from measurements of total 
and static pressure, total temperature, and air angle as described in reference 2. 

RESULTS AND DISCUSSION 

The results of the baseline, comer-blow, annular slit suction, and combined comer-blow and 
annular slit suction stator tests are discussed under the headings “Shakedown Test” and “Per- 
formance Test”. The shakedown results include some brief observations of vibratory stress 
levels and rotating stall phenomena which occurred during the surge cycle. Also included 
are the results of the flow optimization test for the comer-blow stator. 

Overall performance for rotor and stage is presented for the baseline (no endwall treatment), 
corner-blow, annular slit suction, and combined comer-blow and annular slit suction stator 
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tests. Rotor blade elements plots are presented for the baseline stator test only. Stator blade 
elements plots are presented for the baseline, corner-blow, annular slit suction, and combined 
corner-blow and annular slit suction stator tests. Gapwise distributions of stator exit total 
pressures are presented for the baseline, comer-blow, annular slit suction, and combined 
corner-blow and annular slit suction stator test for the near-surge and near-choke conditions 
at 70 and 100 percent design speed. Contour plots of stator exit traverse data are presented 
for three weight flows at 70 and 1 00 percent design speed for the baseline, comer-blow, 
annular slit suction, and combined corner-blow and slit suction. 

SHAKEDOWN TEST 

Levels of vibratory stresses on the blades and vanes were recorded during accelerations and 
decelerations between 50 and 105 percent of design speed with wide-open throttle and near- 
stall throttle settings. All observed blade and vane vibratory stress levels were within accept- 
able limits. 

At all speeds, minimum flow was determined by compressor surge for both the baseline and 
for all boundary layer control combinations. This was determined from continuous record- 
ings of signals from a three-sensor, hot-film probe at the rotor inlet, from strain gages, and 
from static pressure probes located along the flow-path walls. At high speeds these measure- 
ments showed large fluctuations in velocity simultaneous with high vibratory stresses in rotor 
and stator blades and static pressure variations. Periodic fluctuations in velocity indicated that 
rotating stall occurred at the beginning of the surge cycle. 

Optimization tests were conducted at 1 00 percent design speed to determine the most favor- 
able locations and rates of blowing and suction. Figure 1 1 presents stator wake rake data at 
a part-throttle flow for the near-wall locations of 5 and 90 percent of span from the hub. 

Vane wakes at these span locations indicated that most of the benefit of blowing was being 
achieved with the 48 percent chord nozzles and that the tip was being benefitted more than 
the hub. However, due to the small magnitude of the changes observed and the small amount 
of flow required to choke each nozzle, it was decided that the test program would be con- 
ducted with all blowing nozzles and suction slits active. 

PERFORMANCE TEST 

Overall Performance 

Overall baseline rotor and stage performance is presented in Figures 12 and 13. Stage perfor- 
mance with and without selected rates of suction and/or blowing is presented in Figure 14. 

The stall line in each case was established by extrapolating the characteristic speed-lines to 
measured stall airflows, shown as slashed symbols on the figures. Peak baseline rotor efficiency 
was 86.7 percent at design speed and 87.0 percent at 70 percent speed. 

Stage performance for baseline and maximum blowing revealed no changes in the pressure 
ratio, airflow characteristic at 70 and 100 percent design speed. Local changes in stator per- 
formance near endwalls were too small to affect overall performance. The same observation 
could be made for the configuration with suction and combined suction and blowing. Both 
uncorrected and corrected efficiencies are presented in Figure 14. For blowing, the efficiency 
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correction, which accounts for the addition of high energy air behind the rotor, reduced the 
peak stage efficiency by a 0.5 percentage point at design speed and by 1.3 percentage points 
at 70 percent design speed. With suction, the efficiency correction, reflecting the rotor 
work done on the bleed flow, reduced peak stage efficiency by 2.5 percentage points at design 
speed and by 3.5 percentage points at 70 percent design speed. The efficiency corrections 
with combined blowing and suction were consistent with corrections for blowing alone and 
suction alone. In general, differences in pressure ratios between the baseline stator and the 
stator with blowing or suction were small. 

Blade Element Performance 

Figure 1 5 presents blade element total pressure loss coefficient, diffusion factor, and deviation 
versus incident angle for the baseline rotor. Figures 16 through 19 present stator blade ele- 
ment data with and without blowing, with suction, and with combined blowing and suction. 

Some caution should be observed in interpreting the blade element loss and loading data since 
the calculation procedure satisfied continuity accounting for mass addition or removal be- 
tween axial stations, but losses were calculated based on the differences between peak total 
pressure and mass flow averaged total pressure from stator exit rake wake measurements. With 
a jet of high-pressure blowing air at one gapwise location, the peak pressure may not represent 
a true average, stable-inlet pressure. Also, the effects on streamline of adding or subtracting 
flow at particular locations were not accounted for. A tabulation of the data is given in 
Appendix C. 

Stator Wake Rake Total Pressure Profiles 

Gapwise distributions of stator-exit total pressure are presented in Figures 20 through 27 at 
70 and 100 percent design speed for the near-surge and wide-open throttle positions. Figures 
20 to 23 show a comparison of stator wake profiles with and without blowing. Similarly, 
Figures 24 to 27 show a comparison of suction with combined suction and blowing. The 
largest change in wake profile due to blowing was found to occur at 70 percent design speed 
for the wide-open throttle point. This was also true for the effect of stator hub-slit suction 
discussed in reference 2, which achieved significant improvements in stator hub wake pro- 
files. A plot of the integrated difference in stator wake total pressure with and without 
blowing is presented in Figure 28. The improvement at each span location at 70 percent 
design speed and wide open throttle is shown. Also shown on the graph is the product of 
the total nozzle area and the difference between the nozzle total pressure and stator base- 
line exit average total pressure. The resulting parameter reflects the effect of mixing with 
the free-stream air and, in a sense, is proportional to the minimum total pressure change to 
be expected at stator exit due to blowing. Figure 28 indicates that jet mixing had affected 
a region out to 5 percent span from the hub and from 85 to 95 percent span at the tip. 
Reductions in stator loss were approximately equal to the pressure rise obtained by simple 
mixing of the nozzle and free-stream flow. However, the greater part of the reduction of 
stator loss was achieved using only the 48 percent chord comer nozzle, as shown during the 
optimization tests. 

A comparison of baseline stator wakes with those having suction (Figure 20 versus 24 and 
Figure 22 versus 26) reveals only small differences at both 70 and 100 percent design for the 
neair-surge flow. As these points were not run back-to-back, some differnces in wake peak 
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pressure ratio are evident. However, the peak-to-valley wake pressure difference at hub and 
tip was slightly smaller for the case with suction as compared to baseline indicating improved 
exit total pressures near the walls. Examination of the wide open flow (Figure 21 versus 25 
and Figure 23 versus 27) for both speeds indicates that the situation had been altered, and 
the difference in stator wake peak-to-valley pressure was now greater at the 5 and 95 percent 
span locations for the case having suction compared to baseline, indicating an increase in wake 
depth with suction. 

Contour Plots of Stator Exit Traverse Data 

Circumferential traverses were made at the stator exit for part-throttle, maximum efficiency, 
and near-stall points at 100 and 70 percent design speed, for the baseline, blowing, suction, 
and combined suction and blowing configurations. Measurements of total and static pressure, 
total temperature, and absolute air-angle were obtained at 3.8, 4.9, 5.9, 8.4, 1 1.0, 15.4, 31 .0, 
51.2, 72.7, 87.8, 92.8, 94.1, 95.3, 96.6, and 97.4 percent passage height from the hub. Tang- 
ential spacing gave 1 5 readings across a stator gap at 90 percent span and 1 1 readings at 4.3 
percent span. These measurements were used to calculate velocity vectors and to construct 
contour plots showing patterns of P/P (NLET , T/T |NLET , airflow angle, and Vm/y/0j at the 
stator exit instrumentation plane. These contours are shown in Figures 29 through 48. 

Comparison of stator exit plane total pressure plots shown on Figures 29 (for design speed) 
and 44 (for 90 percent design speed) reveals no significant differences between the baseline 
stator and the stator with blowing, suction, or combined blowing and suction. These results 
are more easily seen on the stator wake profiles discussed previously. 

Rapid Response Hot-Film Data 

Some indication of post-surge behavior of this stage may be gained by examining the traces 
of hot-film probes positioned approximately 2.2 inches upstream of the rotor at 25, 50, and 
85 percent span. Traces from these probes are shown on Figure 49 for the 100 percent design 
speed. For the baseline, the surge pulse reaches the measurement plane uniformly at root, 
mean, and tip. Pulse duration was not constant over the span but indicates that the hub re- 
covered first and was followed by the mean and tip sections. Overall pulse duration was 
0.014 second. 

The traces obtained during surge with blowing indicate no significant change in the surge 
pulse. However, a significant change in the surge pulse can be seen for the test with suction. 
As before, the pulse reaches the measurement plane uniformly at root, mean, and tip. The 
magnitude of the perturbation, however, was dramatically reduced at the hub. The length 
of the surge pulse was approximately 0.013 second. 

For combined blowing and suction, there was no significant change in post-surge behavior 
compared to suction only. Evidently annular suction had changed the characteristic of the 
stage in the deep-stall mode, resulting in a reduction in pulse severity and radial extent. 

It should be noted that the hub suction slot was much closer to the rotor trailing edge than 
was the tip suction slot. This would make the hub slot more effective in changing rotor char- 
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acteristics than the tip slot. As indicated in reference 2, the high speed surge is believed to be 
controlled by the rotor. The presence of an essentially choked suction slot near the rotor hub 
can be expected to significantly change the aerodynamic flow path of the rotor at the very low 
flows encountered during a surge pulse. 

SUMMARY REMARKS 

The use of stator comer-blow and annular slit suction ahead of the stator leading edge and 
combined comer-blowing and annular slit suction, did not produce any significant changes in 
the unstall or presurge performance of the stage. All of these endwall treatments showed 
some improvement in stator recovery in the regions of 5 percent span and 85 to 95 percent 
span from the hub. These local improvements in stator recovery were not enough to produce 
significant improvements in overall stator recovery. 

The subject endwall treatments showed no improvements in stator range. Examination of 
stator performance at the near-surge point for the baseline (no blowing or suction) indicates 
that this stator was performing reasonably well without endwall treatment in spite of the fact 
that the stator had been restaggered four degrees open (4 degree increase in incidents angle). 

Hot-film data indicated a reduction in the severity of the surge pulse for the stage when suc- 
tion was applied behind the stalling rotor. 
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Figure 2 Chordwise Distribution of Pressure Coefficient 
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Figure 5 Stator Blow Configuration 
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Figure 6 Wall-Suction-Slit Configuration 



Figure 7 Schematic of Compressor Test Facility 
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Figure 9 Axial Station Number Designation and Location of Instrumentation 
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Figure 10 Circumferential Location of Instrumentation, Viewed from Rear 
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Figure 1 1 Stator Total Pressure Wakes With Partial and Full Blowing 
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Figure 1 4 Stage Overall Performance - Blowing, Suction, Combined Blowing and Suction 
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LOSS COEFFICIENT, CO DIFFUSION FACTOR, D DEVIATION ANGLE, 5 , DEGREES 
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Figure 19e Blade 
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Figure 1 9g Blade Element Data - Combined 











LOSS COEFFICIENT, co DIFFUSION FACTOR, D DEVIATION ANGLE, 5, DEGREES 






OVERALL PRESSURE RATIO 


















































OVERALL PRESSURE RATIO 
















O BASELINE 
□ BLOWING 








1.7 


Figure 21 d 
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Figure 22a 


80 


OVERALL PRESSURE RATIO 
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Figure 23b Stator Total Pressure Wake, Baseline and Blowing - 70% Design Speed, 
Wide Open 



OVERALL PRESSURE RATIO 
























































































































































OVERALL PRESSURE RATIO 









OVERALL PRESSURE RATIO 


95 PERCENT SPAN 


Figure 27c 



Stator Total Pressure Wake, Suction and Combined - 70% Design Speed, 
Wide Open 
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AREA = FORCE/LENGTH PRESSURE RATIO 


70% DESIGN SPEED WIDE OPEN THROTTLE 


A TYPICAL STATOR WAKE PROFILE 
AT A GIVEN SPAN LOCATION 



SPANWISE DISTRIBUTION OF TOTAL 
PRESSURE GAIN DUE TO BLOWING 



Figure 28 Integrated Net Gain in Wake Total Pressure With Blowing 
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Figure 3 1 Stator E 
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Rotor Pressure Ratio = 1 .9079 
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Figure 39 Stator Exit Meridional Velocity Contour Plots at 100% Design Speed — Total Inlet Corrected Airflow = 179.86 lb/sec 

Rotor Pressure Ratio = 1 .9079 
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Figure 43 Stator Exit Static Pressure Ratio Contour Plots at 100% Design Speed — Total Inlet Corrected Airflow = 171.52 lb/sec 

Rotor Pressure Ratio = 2.0123 
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Figure 48 Stator Exit Static Pressure Ratio Contour Plots 
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Figure 49 Hot Film Oscillograph Trace of Surge Cycle 
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DIRECTION OF POSITIVE VELOCITY, 
NEGATIVE PRESSURE 
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Appendix A 

PERFORMANCE PARAMETERS 


a) Relative total temperature 
7-1 


T '8 =t 8 |1 + 


1 


T’ 9 = T's + 


(M'S) 2 ] 
( W r g ) 2 - («r 9 ) 2 


27 _ 

Rg 

7-1 & C 

b) Incidence angle based on mean camber line 

*m 'tf’s -S'% 

l m ’ B io - '*io 

c) Deviation 

<r=0' 9 -/r* 9 
5°=dn -**n 


d) Diffusion factor 
V* 

D = 1 - 


V’ 


r V 

9 + 9 99 


r V 
8 ^8 


8 




D = 1 - 


V r V - r V 

11 + 10 0 10 11 0 11 


V 


10 


< r ic + r ii } aV i0 


e) Loss coefficient 
P ’8 




-P'c 


p 8 


10 


11 


co 


P 10 P 10 


(rotor in) 
(rotor out) 


(rotor) 

(stator) 

(rotor) 

(stator) 

(rotor) 

(stator) 


(rotor) 

(stator) 
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f) Loss parameter 



g) polytropic efficiency 



h) Adiabatic efficiency 



(rotor) 


(stator) 


(rotor) 


(stage) 
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i) 


Wake blockage factor where n is number of tangential traverse 

points equally spaced across a stator 
gap and PAV aV g is calculated from mass 
avg flow averaged values of P, p, and T at 
that radius 



j) For stage efficiency, stage pressure ratio, and stator recovery see Appendix B. 


137 



PRECEDING PAGE BLANK NOT FILMED 


APPENDIX B 

STAGE EFFICIENCY, STAGE PRESSURE RATIO, AND STATOR 
RECOVERY CALCULATION PROCEDURE FOR CORNER-BLOWING 
AND WALL-SUCTION ENDWALL BOUNDARY LAYER CONTROL TREATMENTS 

The procedures used for calculating overall stage efficiency with the comer-blow, wall-suc- 
tion, and combined comer-blow and wall-suction boundary layer control devices account for 
the flow that is added or extracted between the rotor inlet and stator exit. A schematic of 
the control volume used in the calculation procedure is shown in Figure 50. The various 
flows entering and leaving are shown for different conditions. 

Overall stage efficiency is defined in the conventional manner 

Ideal Work 

^ stage Actual Work 

Ideal work is the net work required for all flow that reaches the stator exit, including the 
high-pressure blowing flow added at the stator endwalls. Actual work includes the rotor 
work done on the flow that reaches the stator exit and on the suction flow extracted at the 
stator inlet. 

CORNER-BLOW STATOR CONFIGURATION 

From Figure 5 1 , the expression for calculating ideal and actual work used in the overall stage 
efficiency calculation is 


Ideal Work 
T 

1 INLET, AVG. 


5 

2 W C 

n=1 " P 




The subscripts assigned to each of the flows entering or leaving the conical volume are de- 
fined in Figure 52. W is the measured flow rate into the compressor rotor (n = 1) or through 
a set of blowing nozzles (n = 2 through n = 5). The average total temperature resulting from 
adiabatic mixing of all flows entering the control volume (T | NLET AVG ) is determined from 

5 

2 W T 

n - 1 n n 

T = 

INLET, AVG. 5 

2 W 

n = 1 n 
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HUB ANNULAR HUB CORNER 

SLIT SUCTION BLOWING 



Figure 50 Control Volume for Compressor Performance Parameter Calculations 


STATOR 

INLET 


HUB CORNER 
BLOWING 



BLOWING 


Figure 5 1 Control Volume for Stator Recovery Calculations 



Figure 52 Control Volume for Corner Blow, Wall Suction, and Combined Boundary Layer 
Treatments 
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The ideal-exit total temp (T |DEAL EXiT ) is determined from 


Pt 


7-1 


IDEAL EXIT 


= T 


EXIT 


inlet; avg. 


INLET, AVG. 


Pt EX|T is the mass flow averaged total pressure measured at the stator-exit during blowing. 

P inlej AVG is an average inlet total pressure resulting from an isentropic mixing of all flows 
entering’the control volume. P | NLET AVG is determined from rearranging the expression 


Change in Enthalpy = 0 = 2 W n 


C In 

p 


INLET, AVG. 


-R In 


1 INLET, AVG. 


to the equation 


In P 


INLET, AVG. 


5 

2 W 

n = 1 


{(*) 


In 


INLET, AVG. 


+ In P 


2 W 

n = 1 n 


•] 


For n = 1 , P n is the measured inlet total pressure during blowing; for n = 2 through 5, P n 
is the blowing nozzle exit total pressure obtained from the measured pressure in the blowing 
manifold and the calibrated value of Pt NOZZLE / ^manifold ^ or eac ^ c h°ked nozzle. For 
n = 1 , T n is the measured inlet plenum total temperature ; and for n = 2 through 5 , T n is the 
measured nozzle plenum total temperature with blowing. 


Actual Work 




T EX|T is the stator exit total temperature measured without blowing flow, and T 1 is the 
rotor inlet total temperature measured without blowing flow. Temperatures are taken at the 
same compressor operating point where data are taken without blowing flow. 
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Overall Stage Pressure Ratio = 


This is the value already calculated for Ideal Work. 


EXIT 


INLET, AVG. 


Stator Total Pressure Recovery = 


EXIT 


STATOR EXIT, AVG. 


P EX)T is the mass averaged stator exit total pressure during blowing as defined previously. 
^stator exit avg * s isentropic average total pressure based on stator inlet main flow 
and on blowing flow conditions. It is calculated with the equation used previously to calcu- 
late In values for P )NLET AVG except that P, and T, are the mass average values for stator 
inlet values instead of rotor inlet. 

WALL-SUCTION-STATOR CONFIGURATION 


Ideal Work 


- [ W , - W 6- W ,] C p[ 


IDEAL EXIT 


-] 


where: W 1 = measured compressor inlet flow and 

W 67 = measured I. D. and O.D. annular slit flow rates 


7 - 1 


IDEAL EXIT 


EXIT 


where P EX1T /P, is the mass averaged overall stage total pressure ratio measured with wall 
suction. 


Actual Work 


+ W 7 C p 


1 


[w, -w,-w 7 J c p 

^ EXIT 

-1 

+ W fi C n 

6 p 

, 

_r<| h 

i 

T 1 

1 

- 

- 


L J 


Stator Total Pressure Recovery = 


EXIT 


STATOR INLET 
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P EX|T is the mass averaged stator exit total pressure with suction, and P STAT0R inlet ^ le 
mass averaged pressure downstream of annular slits, not rotor exit pressure. 

COMBINED CORNER-BLOW AND WALL-SUCTION CONFIGURATION 


Ideal Work 
T 

1 INLET, AVG. 


w, +w 2 


+ w 3 + w 4 


w. 


- w 7 ] 


T 

1 IDEAL EXIT 

T 

1 INLET, AVG. 


The Ideal Work calculation is the same for blowing except for the subtraction of work done 
on suction flows. T )NLET and T |DEAL EX|T are the same as defined by the equations for the 
corner-blow-stator configuration . 


Actual Work 

T 


+ w 


7 



] 


All temperatures are measured with suction but without blowing at the same compressor 
operating points where data are taken with combined treatments. 


Overall Stage Pressure Ratio = 

P INLET, AVG. 


This ratio is calculated the same as for the blowing configuration where P EX | T is the mass 
averaged stator exit total pressure with combined suction and blowing. 


Stator Total Pressure Recovery = 

^ STATOR INLET, AVG. 

The Pt STAT0R )NLET AVG is the isen tropic average based on stator inlet main flow and blow- 
ing flow conditions.' It is calculated using the P | NLET AVG equation for the corner-blow- 
stator configuration with stator inlet flow (W. — W 6 — W ? ) instead of rotor inlet flow (W 1 ); 
P 1 and T 1 are the mass averaged stator inlet (downstream of annular suction slits) values 
in steady of rotor inlet values. 
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APPENDIX C 

BLADE ELEMENT AND PERFORMANCE DATA 
(Computer Printouts) 
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IDENTIFICATION OF ROTOR BLADE ELEMENT AND PERFORMANCE PRINTOUT HEADINGS 
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IDENTIFICATION OF STATOR BLADE ELEMENT AND PERFORMANCE PRINTOUT HEADINGS 
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ROTOR BLADE ELEMENT AND OVERALL PERFORMANCE AND DESIGN DATA 
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I n| I ! ‘ ! ! 

K • ' VI f . t * • • 

9- ft k< ut ® o» — -ft x w o C 

>i k D <m <- 

I* 5N*4 i/I iA iA 4 < ^ 

i tj . r 

; < j i n k n »n ► h 


I i 


0 

X 


ill! 

i O -ft — ■ — Jl M IV - 

1 o o cm o n. ►* 

i nw t ft ft ft Jl 


>- o. ; w <• • 

L» •HUM-flONKOe'- . 


D - I in» O < 


Jl ® 
* * 
— . CM 
ft — *" O M (O 


r; 

m rs 
in in 
r- »- 


i 


l 


n t <o o o ►» 
-on o • <n m 
ft o- 3- o ~ — o 

r t ft ft ft ft 


| .ftiA ft <i-A-N N in 

X 

l 

r 

j i 

...... 

1 

J ! ' 

^in0'O*3*3'«— ® 

i 

1 

u 

K fN 

1 i 

-NS. 

o- -o m 

1 

OffiN 
OK N 

! 

o- 

cn 


f- N U 

z I U In O' -O •« — •— 'N «M CM 
*■ in 3 " «c co cm a> A o s o 

o £JN irtiA 4 'ON^NN 
•••••,'•• 
in o i jt. t ft an n ca o <a 
m — vi * • - * • 

eo i u» nn< r - m ft ft 
A y > IAN K - — N N »' 

»• o o v - -N n? tn IAJ1 J) 

N O >►* I till lfl*» 
O ! U 1 \ 

ih rt«^n»n>-ON 
oN ui* • • • • •■••• 

hi il UC^ ® lA T fr O' O — CM 

y ta in — - - - N 3" ft ft J| 


r -cm o ft <m > «n 3* «o 
^cftkATT nnnn 


b o 

ft > 


lA J» r T T 


in con - tin - 

>o o r NOOK 

o- T «• (h s n 

n nn n 


1 ! j ! I ; 

n n - oji ft ts n* tr 

a u»> n •« Din n to n k 

i — <o 0 < o> n n ft r*. ft 

In K n N ^ O CM 0—3T n 


Af»U j' 


d 1 y t* 
a: ► oc - 
d or 


k 


3 

E 


r« 

L. 


it c 

4 D ' 
t 

U 



3 

to to 

<0 

0) CO 

3 

W 

•< :• 

• 

• 

• • 

• 

■ • • 

1 • 


| 



i 


hi 

f— tr 

n 

m 

mm mm 

ji 

t 

; 



I 


L 

1 

j 

IAK 




• 


» 

in 

m in — 

in 

n — 

O 


O 

D 

0 

D O 

0 

0 0 

0 

* 

♦ 

• • 

• 

« • • 

' • 

O 

O 

O 

0 

O O 

0 

0 0 

0 

0 

3- 

rn — 

in 

n ® 

O' 


_i O 

O 

0 

O O 

0 

0 0 

0 

—* 

M 

O' 0 

■0 

0 0 

a> 

< 

<« O 

O 

0 

O O 

0 

0 0 

0 

in in 

in -0 

M» 

jo -0 

ft 

k 

! • 

• 

1 + 

• . • 

• 

; • • 

; • 


i 

j 



| 

h- 

0 



j 



1 





1 

1 

hi 

*- ! 


1 






CM 

CM k 

O’ 

0* m 

Jl 


0 

C 

0 

O O 

OOOO 


O 

•n cm 

S' 

O' N- 

ft 

r u 

0 

O 

0 

O 0 

0 

0 0 

O 

• 

• 

O • 

« 

* • m 

• • 

l 

.j 0 

O 

a 

O O 

0 

OOO 

V 

O 

0 in 

O 

pm m 

ft 

u. 

-« D 

O 

0 

O O 

0 

0 0 

O 

3“ 

tr 

in tn 

Jl 

M» -ft 

ft 

In 

*- 1 • 

• 

f « 

• I# 

• 

J • • 



j 




, 

UJ 

O 1 


i 

1 


1 

1 


1 

* 


1 

1 


#- 1 


i 




r 


in 

CO V 

M> 

k m 

ft 

! 

CO 

mm 


— n 

4-1 

ft O' 

n 

3 

in 

Ji O' 

Jl 

m> 0 

D 

N. 

CM N. 

— 

is ft 

O' 

0 Jl 

0 

• 

• 

• • 

• 

: • • 

• 

CM 

— to 

0 


O' O- 

o- 

O' O' 

O' 

O' 

tr 

in tr 

— 

» ft 

O 

O 

0 0 

O' 


O' O' 

O' 

O' 0 * 

O' 

•“* 

M 

j 

n r 

Jl 

Jl Jl 

Jl 

€L 

| 

l r 

» 

; ♦ 

i 

* |* 

• 

1* * 

■ • 

j 

O 

W 

O* 05 


1 

*ft ft 

CO 

a. 

» ! 

y n n n 

n 0 

n 

1 

h 0 

1 

0 

0 

-ft 

N C 

N 

N N 

N 

• 

_j rt O' 

tr 

-0 0 

a> 

tr r- 

m 

• 

• 

• • 

• 

: • • 

• 

in 

— CM 

mm 


0 — 

mrn 

1-1 _ 

tr 

n 

V 

9 

S 

N. 

N. PN 40 

in 

In O 

0 0 

0 0 

OOOO 

a 

• 

a • 

I 

jl t 

1 

0 

O . • 

• 

• 

• , • 

• 

. • • 

, • 


K OO® > IAO O 
T — *n •<© n. — ft 


Li 

fM rt 
r» o- 


• OC ft T n» T > ► - I 

oon n n nn -«n n 


1 O' co (> r 9- in — o — 
«si u'* ••••*••* 

• LJ <C OiANOOO-NN 

o in cm n r ia «n in in at in 

^ryrr? 

N n-O® <BiA N 

LI ’ • • < 

J N HN 

1-0 n o 
► vn n n 

cf ; 

0*0 9 “ 


• • in _i cm — 


ia < a o 

O H • • 

-J o \ 

*- 1 

a o in 

1 r» m 

*< 0- fs 


tr ft o 
— o — 
OOo 


nhoo 
a o-ma 

— «n — . a- 
OOoO 


: ; 

t r® 

ft «M CM 
lA NO 

OOO 


CO — »n n 

in o* oo ft 
in O' x cm 

OOO — 

• j • • • • 


;«• Cl;* • • • • • • « 

!l y N f»K -O NO- f)iA O 
OWO n O TO T T T T 

,> “N. r» cn rn «m — — — 


ft o ji |— «r -• 
3 - 3 - in — o o 
< in in t n T ft n n o- 


• in t 
<M-0 


1 

o 


cr o n tN n — o' 
nu;« » • • • • • * • 

ll y D N -O ® N - N -N 

l x m — ® -0 — rv «-i o co o 

>N-o lAiAiATTnnn 

ci 1 ! r « 

f- <0 MN P* tA D N >0 

hwj* * • • 

I U U O- K -IA n o« — 

x <no- k < r n - On- ui 
l>ST TTTTTTnn 


< ^ □ 
19 Vi O 


I 

o o 
o o 
o o 
o o 


OOO 
OOO 
00 o 
OO o 


OOO 

OOO 

OOO 

OOO 


x x: 
o in { 


K un OiA 


i 

KOK 
-o-o ® 


Cl i 

^ rt « 


O' ON O' 

V ••••••«. • 

n y O eo ft □ ft ft — a- — . 
t in - « <0 nn n 00 t 

>Nft ftiAjir r to n 


j ft d - ft a n Or » 
< ! U« •••••••• 

--y O a- O' in 'ft o> in n o 
u 1 in— com o-o n no® 
y >\-o iAiaiat r rr n 
o-, *-j I 

in In! • 

- ■ O' -n n n n n-o n 

1 cm a « no^ Ottfto- 

jw I fO-T^ftOrtftN 

i-» < [• • 

119 I « U-NrtlANOA> O 

2IAOZN CM CM CM CM N NN O 

— 1 ‘ — f- 

_# ► CO fr T - OOT N 

a 19 — o oa> — o — o — « 

o z 1 r oirtn<«j«Mi 


O CClA 

x om 

< hi. 

VI O | 

«r - 

hi — ■ 
X Ui * 

tc a: 0“ 

o or* 


ft CM 1 

J> m 1 


0"« o 

CO CM O 


I 


j— «■> -o 
u ft o 


in in in 

j i 

! — CM ® 
in O' r> 


to r- 

n n 


9“ - N Keo — 


O' 
Ui ft 


m o 

in w 


n 'ft in 
o- — 


"lA O' 

cm ft a) 


ui an - oo-o- o iniat 


a o — « 

1 

X Ui O I 
VI Ui - • 

z an ' 
— o* 

• H 

O 

cn 1 



VI uj • 

z am 

- o • 


n N T - CM ft ft 
I ftT N !— CO 
* » 

O O' CM CM O O' 
• I — i— — : l 

! *!' *i 

> n o rad ® o 
> in cm cn 


■ft »N 

1 .1 


O' CM ft N O 

7 -FT 

88 ^ 88 * 


— ui m 

< Irt'tafr 

s. \ y • 

— x o« 

VI 3D m CM 
,« -Jl 

Cl o 

• hi I CM 
W J.« • 
In 2 1 W 
Ui — 1 «0 


In Z 
Ui *- 


o »- 

X hi 
-I 

o z 


I ^ 


O H 
I- UI 

N -I 
O Z 


O 

3- 

o 


K hi M/I • 

jo -i.“Nin 
luz zo> 


QL Ui j X CO 
O -i CV CM 

u 2 |a»n 

f* - tf» 


co 

r- 

CN 


1! 


O 


C3 


U 

3 


O 

c 

es 


170 



BASELINE STATOR BLADE ELEMENT PERFORMANCE AND DESIGN DATA 


f o. 


o - n ji — — • 

I W-nlTN NN O N'l' 
ift «n ia 4 


■it 

Jj •♦•UN 


P 1 
*7 


I ! 1 I ! 

* n n n n o 4 o « 

- - rt > 

n* O 

i ! h~T 

_IM N O — O <4 rt 

I Ift 17 o N < MK M M n 

?\r>AVI'iA K. - 

HI I i I 

ck ® O a *• a* ~ 


o 

O I 


i 

_ • ► K 

' M U * • . 

B U>-A*N O A 
* i ft (V -O C N O n « O fiD 
D S J 1 Jt <A <C <4 N K K n, 

>►-1 IB II IB I* 

, -U. ) ! I 

[ rva-r>a-o—*-f^ao 

u • * • * • • • • • 

iy(n<TOorn-.« 
* * ift f4 ® D O 0 7- rty J\ 
p v r -Ndrrrfijiifl 

* * , J * i* • ■ 

P ON«b»K 7 N 
u i* 

L*J N ONN 09 O ® 

to cd o o <nr _ 


o p 

s r 


a. > N. NKNOa>»OCO 

srcT i i T i 

— I ft- 7- N OB> to J- ® » 
rt f- u V • • • 

i rt 7- o rt k. n y o* 

iak r>. f" — ® <m in y y 

• n f rrtAin<««<64 

4 


,LJ 


. - r 4 « s . 

nu ft t tA » r hn a) 


> ii 


I U • : 


£ i 


* 

ft. 

i- 

r 

«c 

x 

x 

3 


o 

o 


i y k- 


r cr rt -o to fs — i 
jo o jr r r jt tA 4 « ® 

! I I 

W DO® M rt 

f Jt N D 4 &■ K ift — 


t- WJ • 

IU , 

- K in O ift ® lA — T 4 O) 
“ 'NNOTiAiOUtin 


co a 


4 


f 'T 'T 'TT 

nnmo □ n n - o> 
^ n « ns o 7 .® 
{• •*•••••» 
.. - ♦•Oa'tANOKNffl 

0 o k II II II I I 

jSl ! M i 

It < ONfliAr Nrt 

1 UJ tt «A NiA <0 4 «<K». 
•-tali* 

• DC® N -O N O T ^ 4 TS 

© oo nnftNNNNN 


N U 
I 


DN(N(C444(>> 


O j ►- 

t I" 

<— U \J 


_. »■ O' ill — — ® 

Dirt^nTTui <o«n t it 

.... . 


' l" i" f * l‘ 

O -N OK C rs. (7 


• lU * -K NlAK* O 
DtflO T - 4 -K K CO CO 

r N . p OONN -r- - - 

U i •! [ ! 

P* O 04 K 4 N — ® 
NU • • • • • • • 

: I U h K « It T — in — 7% 
I «4 n —K ro ON 4 N 
>MA »n ia r » Tftno 

I £! I I j 

j ft (MOO N-l> 7 - 

-U'» . 

ilUl® flN-TK400 
I V)D 7 O - o K W7 

>\r TTTnnnmn 

|t[ 1 ! I I 

bt (MO> NOOO 70 

UI i- ® O' ® a « ® 7 — • 
!|IA4fl-KnOK4ft 
^ \ iA dt lit r t 7 rt o rt 

■! t[ i ! ! : 

1 1 © N4lANOrt77 

C ; uj* • ■ • * • • 

• *- U> to (7 ® ® 17 ® ® — ® 

I I iao in rt ® TN-n« 

j>\AinnTrTr 

*j tl i * ! 

'!■ P - N N O N N 


® rt O O' o «. 
jl r 7 (>• o <h rt 

■•< )••••••■« 

: - 1— ^Nninsfr 

) O 2 N fM *M N fM N r\ 

* O l> 7 -•« O H 

•— DO® — O — O— » 


L 

o 


<c 

n 


4 n 
*n o* 


i'Otftn4(orM*i u u 


; i 

» < ....... 

►* b ninsp* ^ , 

: a 2 N CM N fM (M (M N N l 

‘ ’ - l i : I . 

hSlSRS SS 8S 


« ift K 
CO C 7 7 
® f ® 4 
t* * - 

1 


— O' ® 

o — y 


r *• ® 
n rt o 
It It A 


ift □ 
rt ^ 


T.. : 


! ! 

vT> N — r i/1 • 

® k. a- o® - 

ift o ® ® k. t 

y in ift n in i 


i 

X 


i ! I 

O N K N O 7 

o o — ® rt rt 

iN 4-’4 rt OX > ■ 

X rt rt rt rt *M 


: 

^ y 
O* rt 
k, -x> 
y y 


y ® 

O' fv 


Ki ® ® 
rt <K K» 
7 rt rt 


N 7 T 
K y rt 
4 A 7 
rt rt -rt 


. w o i 

— in 
P 


l 

• D irsi ® 

i — rt in 
7 7 7 

• ASK 


«0 (M ^ 
K. rt O' 
<0 O' Lfl 
It 4 It 


< JO 

I ■* D 


oooooboo 

oooooooo 

03000000 

oooooooo 


oooooooo 

OOOO 3000 

oooooooo 

oooooooo 


I 


I 


M — • 

0 0 7' 

ft. ft. !• 


a. uj m 

I _l rt 
® — fM 
W IlO 


r k k 7 7 in o y 

w « 4 K 4 rt A O 

(D7 7 O O' O' y O' 

77777777 


I 


I 


0 o ; 
ZJ a: t 

Q. : 

a. in 

1 rt 
W JN 

n < o 

OI- » 


CO 7 A fM 7 7 K Ul 
O 7 K 4 Q7K rt 

— — oo — *M — y 
oo o o o o o o 


® 7 A N 
COITK 4 

o o 

OOOO 


I I 

7 7 N A 

o y k. rt 

— <4 — y 

OOOO 


i 


0 

rt 

k. — ® in — o rt 

— 




1 

y 

rtf-® O rt rx CJ KM 





► 

K A N N n K A 

<4 


! 


O 

p 

o o o o o o o 

— * 

— Ui ! 

ift : 


UJ 


• 



ac 

j 

j : | 

1 

\ V 

w • 


o 


y m im rt rt o »n 


— X 

o k. 1 

1 


b 

y 

<-» SQANi 

u 

rt 

4 T 7 ® N NA 

N 

* -1 



•c 

O 

O O O' O rt P3 O' 

® 

! 1 



b_ 

T* 

N N - N N (M (M 

rt 

0 . 7- ! 

mm 1 


■ 


, • 

.1 UJ 1 

K j 


p 

1 

i i i 

| 

Ik -J 

04 •: 


b 

! i 


U 2 

rt 


in 

o o o o o o o 

o 

IU — 

® ! 


i 

o 

o o o o o o o 

o 




■< 

^ o 

o o o o o o o 

o 

o 

® 


C7 

o o 

o o o o o o o 

o 

® 7 

rt : 


tal 

o • 


• • 

1 UJ 

• 


X 

X I 

1 t t 


' U. 3 

M rt , 


o 

in 1 


in 

■U. Z | 

® | 



® 

A AK 7 4 o® 

IU — 



oc 

UJ ® 

® in ® m ® — ® 

o 




LJ 

UJ * 

• •••••« 

• 


M 1 

i 

o 

a in 

rt w o O' O' m rt 

® 

o »~ j 

® 


X 

o u> 

A A A 7 T AA 

Ift 

O.U 

rt 


■< 

UJ i 

t 1 


rv 

« 


u 

O i 

rt O' ONK Kfl) 


O Z I 

• i 



K 

rt 

■a.— 

mm I 



UJ 7- 

rt o in o- rt 0- y 

® 


1 

i 

z 

3 • 

• i • • 

• 


n ; 


tc 

y O' 

— — c in rt psi y 

® 

o *- 

ift ! 


3 

O rt 

y y rt rt rt rt rt 

rt 

k uj ! 

y ! 

8 

! 2 

1- UJ I 

i 1," j 


> -» 

o ! 


o t 

! I 


o z 

• i 


a 

® Ift y 4ft N A4 

a 

1- — 



UJ M 

4 - NK K r-K. 

K> 

j 



> 

UJ • • 


- • 

ilU® i 

T— 

UJ 

oc m 

-07 o • ;Nft 

y 

« u ■ 

■UJ — j 

i II 

O 

\J r- 

«— — i— M 

— 

a iu 

in • 

1 

UJ t 

• [ j f 

] 

;0 J 

■>. — ! 


! 

OJ 

* * L 

| 

; KJ Z 

• X O' , 

o 


in 

rt O *4 ® & K o 

in 


n ! 


X 

uj in 

y y — — 17 ® <4 

rt 


j— * 

n 

o 

UJ , • 

• • • • * < • • 

• 

i 


X 

z 

or 1 

• -• rt ift ik r® in 

y 

;y ►— 1 

1 • 


•1 

O i 


. 1 

a uj * 

X tft 

4) 


Ui 

• } 

i 

i C Jin; 


j 

o j 

I I 

1 

!uz 

■ OC ift 



K 

K T N 7 rt b rt 

o 

z — | 


<4 

in 

uj y 

ay rt « im n ocD 

a 



1 k! 

u 

UJ • 


• 



c- 

2 

cr n 

rt y ® ro —K y 

® 





p :i 
UJ 

* * ' 71* * 

jl 

i 



o 

I . 

si 

! ! 1 

I 



o 


sV 

10 

15 

30 

50 

70 

85 

90 

S 





171 



BASELINE STATOR BLADE ELEMENT PERFORMANCE AND DESIGN DATA 


■ P Op 00 
»•«... 

M O’ CM 
> CM 0 — P • 
i© 0 © no * 


— 'I 

t: 


■ll u . - 

it i© r> 0 

. b v i© i© 

>►* 


i *© (m ® © 

, • • * • 
o o <*> a> 
a> cm p ry 

0 -o -o p 

• til 

o CO ni a* 
>:•••• 
-o a) to n 
■ « ® n- 

■f-Nnfi 

I I I 


0 — » 
in -c n 
rv N N 


• 0 < X O N N 


0 0 0 

M 


J cp a N : 

® i © o o o 

0 P 0 — a 

i in m 0 oo a- o 

. x x x x »n -o 


i/> no> r r 
o o o in n 

i • i * • - • . 

N T ffl N 

r i© «n<o 


r* « 

t; 


O |A© IflN 
N n r in 


0 0 p 
f m in 


i o «o x o N 
ii© x o in o 
• . • • « . 
■ n x in <o o 


□ o- 

N -C O- 


i r» ® — — « <y- ♦* rn o 
*si o n a p fioo 
► •••••••• 

i o- a> j\ — p — m 

rtrtrtrtNNrtrt 


b DNOinox -n 
• • - • • • • ; • « • 
«mNSxinoo 
■ omaamaarn 

I I I I • jl l • 


1 0 — O O' 0 


L 


Irwn o 

>N tfl t© 


OO- — «n 
o- a- — ® 
r t an 


co i© o> 
i© a — 
« n n 


H u ;• • 
!• ui o- 0 
xm n n 


o in oo n po n 


t© p p o ■ 

-00 KN 

a n nn i 


<o ON n >o NO 


*mu r O’ 

jnnno 

b>*N i© 0 


- - X N 
O’ vft — ® 
a a a 


— w — 

< T N 

r» <n 


, u t. • 
— —■woo 
U I l© P |© 
i > x, 0 i© 


n n a © 4 o so 
• •••••• 

p o cm® o co o 

NN X - Ox X 

in a a a a m pi 


N n n n n •« m 
n ox ok jix 
a n ® a m ® cm 
>••••'»•« 
* n n ms O’ O’ o 

I N N IN N M M n 

• t 

> p a — oo ® a <n 

) CO —O—O — cC 

itfi n<B) xx n 

- n ms ► o« o 

N N NN fM N n 


•98*8* IS 8S 


I 


1 

L 1 ! 

f> P«— « 

I 1 

a b ► ■«*> 

fM 

t- n i© o o 

0 0 0 t© 

1 

K K N 09 O 

n T n ©• 

• 

f 

«>«•« ■ON 

N’ © 

• 

- .p p • 

j 

III 

r N « N O X r 

! 

n m 

— 

«<o oin« 

0 

- p — 

p 

D o-rt# 

t in t m 

♦ 

r a a a a 

mm m m 

* 


*' 

*'*r 

i 

1 ! ; } i 

bop 0 O®p 00 

• 

in o ® 

nix n n 

(M 

n in n o -o ■ 

a — <0 0 • 

1 

a a a a pi 

n 

1 n N 

X 

i 

r v *r 

. 

• • .« - 

! 

i 

i 

? 1 ! 

X TNX* 

! i 

— « O’ O 

i 

a ps « — — 

— 

3 — »ft 

** 

r* co 0 rsi 0 - 

p-o in r 

a 

rfl a a a n 

pi 

nnn 

X 

r -j- 

* 

• * I* 


I i 

K n n a x 


'1 

N O 0 

0 . 

Li N. o a 4 © — 

1 © PS >o a 

i 

in N X K 

P O’ N| — 

u. 

►- r> a i© p p 

0 

O P 0 

u. 

< i. ... • • 

• 

• • «* 

w 

7 i j 


j 

! 

V© 1 

b o D o o 

O 

D O O 

o 

O O O O O 

O 

D O O 

<t 

_J o o o o o 

0-000 

< 

<00000 

0 

OOO 

u. 

p j • • I • • i • 



w 

O , 


i 

Ui 

p L 


1 


O O O O D 

0000 

0 . 

b o o o o 

0000 

1 

wood a a 

0 

OOO 

u. 

<00000 

0000 

u. 

*- 1 ♦ • 1 • • 1 • 

» 

• • 1 • 

w 

0 j ! 



j 

*- 1 


! 


--x inN 

SO 0 O O’ 

V. 

n -o fx 0 0 

p. 

T 1 © P 

CM 

— ® cd ® a ^ 

O’ 

► P 0 

o 

0 x- <► X X- X 

O’ 

P O’ O’ 

CL 

7 * T 7 

* 

* •!* 

CL 

1 ! 1 

u n r tc in r 

<0 

D T UI 

1 

j in no®” 

CD 

0—0 

i© 

— CM fs* — O — 

O *M M a 

0 

W O O O O O 

0000 

o 

O j. 

• 


ui 

oc ; , 


; 


CL 1 ! * 



Q. 

m a ® t© a 

SO 

» a 0 

1 

t© n co co — 

0 

D — 0 

i© 

Nl N| — O — 

O CM CM a 

t© 

< 000 00 

0 

OOO 

O 


• 

• • 1 . 

-» 

°i ! 


• 

1 

*0 

a 0 — <n -o 

Norn- 

1 

— — <M OP 

0 

O OP 

< 

Ofr n nn 

CM O O «M 

U 

p-OOOO 

O O O — 

ui 


9 

. • 1 . 

X 

1 i 


; 

o 

} 1 i 




r> N. i© — — 

Ps 

r 0 »n 

O 

-n in x in 


0 0 «*> 

< 

a a a tn 4 © 

ps cm a 0 

u. 

NNN NN 

N n © x 

p 

j • * • • • « * 

j 1 

J : 


i 

0 

000 ob 

OOOO 

1 

00000 

0 

OOO 

< 

^ 0 0 0 0 0 

0 

OOO 

A© 

w O O O OO 

OOOO 

UI 

O * ♦ ; • » . 

• 

... 

X 

x 


i 

o 

1 © : 


l 

0 — 0 


cd in <0 p x 


K 

UI 0 0 l© ■© V© 

0 

— p 0 

w 

UI • • • . • 

• 

• • ♦ 

0 

am ©n on 

O’ 

N ©0 

X 

0 1 © 1 © in 1 © a 

a in 4 © «ft 

< 

w ; 



V 

0 j ! ’ 



j 

0 <-1 a 0 o- 

— • 

O CM O 


ui or- »© *0 tb 

0 0-0 9 ’ 

Z 

j • ♦ • • . i. 



te 

K N NN OP 

1 © ® P 0 

D 

u a a a a rt 

0 

n n n 

P 

UI i 1 


, 


0 


5 

j 

on« n< 

CM P O’ P 


y X x in Kr 

a p ® p 

» 

UI ... • . • 

• 

... 

w 

oc a — 0 o- O’ 

p cm a 0 

D 

Or — — — ; 



i 

W | | j 


! 

| 

o' ! 




Norton 

p 

inp n 

X 

u - Pin r n 

p a p «n 

o 

ui ! * • • • • 

• 

... 

z 

a - 1 n 

a 

CM 1 1 

— 

0 i ! « 

a 

a 1 


Ui I j 



i 

oi : ! 




OP — — •© 

n 

0 0 0 

in 

Ui 0 — a a a 

0 ® 0 p 

KJ 

Ui < . ♦ ■ • • . • 

• 


Z 

a — n n nm 

® im a — 

•— 

Oil I I 11 

1 

1 jl 


UI | 




Oi i i 


I 


& 5 PAK 

6 

10 

15 

30 

BO 

* 

8 8 8 


o ! 

-Uj 0 
< I© W a 

*v p ju. • 
— x cri© 

O *0 |c©Ni 


i u 
i»- -J 
U. Z 


O 
m *n 



jo o 

CC X- UIP 
K u in » 
O JjNN 
! U Z X 0 

* — 'CO 


«U|I- 

o -J iO_ a 
U Z i® lA 

Z — i 0 


CO 

ip 

CO 


II 


o 


n 

& 


o 

pc 


172 



BASELINE STATOR BLADE ELEMENT PERFORMANCE AND DESIGN DATA 


N.f I I 1 I 1 

o cm ® a- j> ® - — o* m O' 

* f o ♦ • » •« 

onuo*o -Mfi a- — 

<•»■« (A r* in ^ -O M ■ 

► 3 n> ai m ifl in ^ o n. iv rs 

► .8 tz ] i I. ! i 

< 4 lA 4 fM ( fl — ih^O 

Ql O fr • ••••!••'* 

• fkl rlN -no N O N T 
in | 

3 V T ifl ift J) -O If* f» N • 

.It! i < I I 

1 ih O N CO to O CO ON 

K W U * • * • * • *• • • 

z i u y N ift n'Oio 

— J l/l Ntn N — ^ Nt T ift 

OO N|/I vfl © ® ® N IV rs. o* 

L >»- | I I (I I ^ 


• * u. { i 

in •« u * * * * * • • • • 

j y nt o s o—o—o 
*t in — tfl CO S N lfl N«> 
0\ r .-.«NrtTTTT 

ref • r • * • f • :* 

J ^ or * r Offl (D <o N 

N u« • • • • • ; • • ■ • 

I UAI0N04 N N N T 

ui * in N n n o *© o«-» — — 

Q.>\NN N NN<9<DO «) 

*»> 4 * u j * • • 

t U O T J1 in N CO f* o © 
mwnniftM'ONNN 
n > a - a - r t in m ^ m in 

1 i j 

- 6 - Difl K 
© 

un 

r 


'b - 

i ui ifl n 


>n < 
— a- © -o o 


K <C O — © O cn © © © 
durr inm 44 «<o 4 

ISi ! 

OT ON--Ofr - O 
4- uj cm © O' in ninr* — tr 
I y :• • ••••;••• 
*■ ainoins-ONinNo 
fio**NNf)Tin«inin 


T. 

X. 

t> 


a 

o 

oc 


I [ c 

f — w 


JuN K 

<6 N N 

<• • • 

lorinosinrir 

j • ,a i ill • [I 

i I I : 

■© n in r* m® *m © 

| ui in □ n oo-o o© © 

M UI « • • • • • ’ * • • 

l a: «N — o ® in cm © c-". ® 

® o t r t- o o o o o n 

oir©ooo'fr‘r 
!• •• » • • ; • 
in © m © — in — : 

I N n n t o n c 

| If i a i si • • 

nmNNNofinr) 

o * 

© 1 

t: 

n n n« ui 
^ m — r* in 

r 


r n n n o © 
UI <fi N N ON n T no 
CSI u; 

. K 


Ui 


1 ui to *o f> © — in — a © 
O <fl INflfUTTOMN 


I u on — in ro — © — o 

O (A © 10 O® T Nn T T 
pn A N N N N N N 


oo— f"or>— © 


N U |« * 

y < n n n« in n n t 

Sc in O' in — in © cm o 

> v. *- ar tr ;r © © p © © 


I cl n *> 
*- o U • • 


O 3 NO NO 


i u«-ia o — o *n — — — 
tinHOO^lATN-O 
> v. a- a- © © © © n © © 


o rt n o o « — o 


UI* • • 

N u « N r 

in 0* fs. m 

> x. tr a- tr 


o o *s. o -o *n 
«o n n n o 
a n n n n n 


J 

< j w :• • • 

UJ NN IN 

u j in © © — 
ui pu v, «n ui in 

W>i 

© © © 


• wr 9- tr 

■< • • • 

x 4 r- — «m 

IflOZKNN 

_i j ' O' cor O' 

: Or* DO® 

za r o in 

uj «c i » • • 

O Z P CM <M 


fi 


a - © O ' r *'. 0 ' r * 

0 — 0 - 0 - AN 
© © O O' O' © 
r a r r» n n 


n n n N < n 
o O' o © in o 
o- © o © « cm 
• • • ; • • • 
run n o o o 

CM CM CM fM CM © 

9- — © « O' CM 
— 0—0 — © 
n 4 « tr o r» 
• • • i • * • 
© in f " O ' O ' o 

CM CM CM CM © 


hs -fi S 8 SSS 


I i | L I 

T ■ — O «r — a b © ■© 

D f* O' -tr « o« ■#» co a* 

a* T T ifl r* o t- 

© '© -O •© •© Ifs. -IK +** •»> • 


> !• 


I 


o Tnin»NN 3 -e 
N4NN4innaiN 
© © « otnoooo 
nnoTTiftoi/nn 


I 1 l 

4- — « c-> IN •« 


L 

w © 


T“l 


« - 

U. I 


I 

© © 

|ON44*OnnN 

— o -o n — 0 •© « i 

TrnprtMMN 

! I j ' ! 

cm 4 o tt n in o r\ 

Ji n n «n nn — 

r^ in on 4 in r r 
■tr T" -T O CO 'CO CO CO • 

» • 

i i M 

noNOfflO'in® 
©O' o« n in t n 
4N-TT4iflO 
in ® to NCO fv N 4 

• j • .j. 


I ! 


L i 

OOODODOD 
oo oooooo 

OOODOOOO 

oo oooooo 


-J o 
< o 
i* 


o o 
o o 
o o 
o o 


i I 

oooooo 
oooooo 
oooooo 
OD o O O o 


in a o 


► I « 


— © 
O O' 


o © 
© © 
O' O' 


n Oil) n 4 N 
in t 4 t n o 

O'O'O'O'O'O- 
O' O' O' O' O* O' 


* 1 « 


i 

I 

- UI 
-I N 

i <— N 

I u. o 


in in 
® n 

CM CM 

o o 


n « n n a n 
is N T 

oooooo 


o-i 


I 

ifl ifl 

© o 

! CM CM 

I o o 


— O' a- o — — 
cm © © o © cn 


oooooo 


i rv O' © — ® 4 a-o- 
>-o«NO«oo 
— © T 4 T 4 K — 
— OOOOOO — 




4 tr « t n«n 4 
M ift N N O O ■* 
Mr «r NT ON 4 

cm cm N« n a t a 

. *. * # j * *j * 

l oo oooooo 
>oo oooooo 
» oo oooooo 
' oo oooooo 


U X I 
U © I 

• m -i 
a. ►* 

1 UJ 
U. _l < 

u. z 

Uj — 



>»SfiSS68S 


o 

in 


n 


o 


C 3 

02 


o 

02 


173 



BASELINE STATOR BLADE ELEMENT PERFORMANCE AND DESIGN DATA 


'n ™ f -f r* iw n * * HI 

f.tS 1 1 •: 1 . i . !, I j 

]< in o o x o to i to 


J<oi-xJ*'xixi« j i- 


• • up - - - 

to X uJ X — N S 4 
- «t tn -i *•» -r x ni 
at in to 


*4 n 
M IM 
>0 >to 


Li. 


PI X X O 

to *m m 

N N /WO J-,D O 

! 


6 O X 

, w - • .* ft - 

MU A tt N no- 


to I wx _ 

pX X .tfl 


.. to — 
=il ift'Oi 


M T 

N "N n 
-Oi^NN* 


o 

kn u • 
Z I UI X 

— • in f-> 

OO'Mft 

. ft- >*"* f 

$ o' | - l 

in - u * 
I W N 
O uj • o 
4- o o x r 
fi o >x i 

? oioi 

U 1 UJ t 
ui ft «n o 

a. ?-n 

V) 


x ur» — to <ooo 


n <0 I in 
tfl-o o 

i/l k/> to to 

ail* 

to x **to 

• • « * 

N lO (OP 
T N J) f 

— — 0*0 


X to -X -O <04 ■ 
o <n x in 

N S K O 

• r • 

X to O' 

ft J ft ft ■ ft 

T N> O 

— O O 'X • 
X X X x 


« 

X 


X n 
in 4 

p 

X <0 
-o x 
o ® 

[•:• 
b ® 
x to 


r i r i 

^ k n r no <o 
ox- X* o b -ft x 
4 O 4 4 4 4 
O O X X X X X 
• - Ijft 1 

i 

X r-| 4> 
•ft X kf) CD M » ® 
K-n<DO'N-4'4! 

n n n n n n n 


K« «4< 


< ift 


!• 


Ill 

P -ONih ON 
O' X — O' * ift o 

x o k «a tn ui 
x *x n m n o -o • 


X N OJI P f p X 


Or *ft O 

UJ o 


4 P T O 
O D — X 
P P PN 


n ® x « 

ft ift ft ft 

O' o* o« o 
O ONP 


00 P O CD 

O' x o a 

P P 4 CO 

• L i 

x ir ® to 

• I • • • 

o n in o- 
PI 04 M X 
in ui 


I 

O' — 
. u to m 
— n in 

X to to 


: (• 


i ! 1 

- ® X O' X O P* 


fr p n - in qp 
4 P A CO p P 4 


i 


o o 

D O 
— J Cl CD 
■< D O 


bob 
o o o 

D O O 

o o o 




ZNU P' 
DilW!* 
«♦ ttfr 

*r 

UI <4 
UI |« 

1 r * r 

2 °i 

ac ui ip 

p 04 UI j* 


xxxmtninm ju x < • • < • • i • • i 

[ f fe°! I I i 

n in x oo « o in ! booot>oc 

- . — o 4 m _ 


O D b O 

o o o o 

O O O D 

O o o D 


D O 
JO o 
-too 


o o 
ooo 
o o o 
ooo 


o o o o 
o o o o 
O O o D 
o o o o 


OP P - 
X X — Pi * 


OtflPP N 4 4 o 


r* O' 

V ft- PI 
Pi — to CO 

o 


in O' o 

-o -ft m 

a O' o* 


I 


rt N N 4 
X o O' P 
X X to to 


« OC ft* * 
ffl ^ i 

l“l, 

U O' 
ift UJ > 
ih 


'X s 

r < 


■ «■ 
to m> 
I w 
o 


pi u : 
iwri 

OWf i 

rtf 

bt*: 

o in < 


fcu u 
• UI O' 


!« ui o < 
at mo 

ir 


:* mo 


r* « x 

! 

•n in m in 
1 i 

ft- 

a. 

* 

ft : • ft 

1 • » 

| 

. .j* 

<« — «n 

P 4 

SO X x 

ia. 

1 

Ui CD 

ON N 

| 

X o 

: 

m x 

m — x 

4 X X CD 

« 

~j a 

— X — 

■to pi id n P| 

• « • 

• 

• • • 

in 


n 

n x x 

— X 

n x in 

n x x 

m 

C 

C 

b 

in 

u. o 

ooo 

a o o a o 

* ‘ i* 

i 

I a I 

o 

o 

• 

ft ft ft 

, • • 

• • • 


j 

U t£ 



1 

1 



! 

) 

ft. 




! 

x pi to 

oo n - 

ft. 

CO 

o Pi PI 

x o x ® « 

— x — 

<-> to a> m 

1 


D 

— x — 

to X 

o in x 

0 

0 

0 

O 

o O e 

in 


n 

ANN 

— x s- x m 

in — O X 

m x m 

m 

to o 

OOO 

o a o o o 

XXX 

cn 

r x x 

o 

X 

• 

• . • • 

. • # 


j 


. 

-1 o 


J 

i 

i 



i 


x 


1 



U piK 


X —X 

m 


to 

to PI to 

n x x — x 

• • • 

* 

ft ft ft 

i 



-T 4 

in to 

in x x 

4 P ® 

pi 

x —x 

«t 



x o x 

in 4 > 

— x m 

M N N 

n n n - 

o 



— — o 

o o 
' • • 


1 1 1 

i 

< • • 

Li 


♦ 

* | • • 

• • • 



■X. 



[ 

i 

; 

i 

— m pi 

ft ft ] ft 



o 



} 

{ 


PC 

n x pi 



K 

O x to 

O X 

p x to 

• 

• • • 

u 


to 

Uip - 

«n o 

— co x 

4 ift - 

co 

d n ii 

to 


X 

in m x 

p np on 

X ox 

in x to to 

U. 


m 

nnn 

m x x in in 

n »n m 

pi 

PI P 4 P» 

1 


• 

ft; ft ft 

. • • 

ft ft; ft 

t 


i 

a 




i 

! 

na >4 

to 

Ort 4 

(O 


o o o o 

o — 

T — » 

• • • 

• 

• ft ft 

i 


o o o o 

o o in x 4 > 

o co in 

>4 

— 41 UD 

to 

u: 

o 

OOO 

a o o o o 

PI X X 

PI 

— OX 

o 

u o 

ooo 

o o o a o 

x m « 

n 

n <n pi 

UI 

o 

• 

ft ft ft 

- • • 

• • . • 



1 

•r 

X 


1 

■ 


i 

r» — to 


< 

o 

in 


1 

| 


m 



i 

K. 

in x x 

— X 

OX to 


• 

• • • 

X 

UI 

VO 

co m to 

to CO 

r-P O 

X O -ft 

in 

r co o 

Ui 

UI 

ft 

» • • 

ft • 

• • • 

4 T Pi 

— 

P to m 

a) 

x m 

flNO 

•x X 

x to 

p nn 

I i 

•n 

PI X pi 

£ 

om 

in m in 

t r in ui in 


! 

to 

ui 


: 


i 




ju 

a 


! 



— ® «0 

X 

o o *n 


in 

n o n 

o — to x to 

i ft ft .ft 

• 

• • • 


UI to 

to x o 

X X 

DO t n 

— X -o < 

<s 

N x to / 

z 

bi 

ft ) ft • ft- ft 


* ■ • i * 


•n pi p x 
x jx rt p « 

X I 


•• U ui r> 
ui mm 
u >n 4 

ft.! 0-1 

-Lb 

» N to 


r x (X rt 

ft 4 il N 

• • ’ ft * 


O 4 P O 
N 0 4 N 

>n m x x 


i: 

► - • 

in : 
> a i 

x: 


• Ox 
> *n pi 


ID (D4 4 4 
b o x x x 


x in x x 
o a o x 


I 

. <4 r> 
' o a> in x 
i o< no n 


r 

jz n oz 

be id — D 

D z • r 

►- Ui << i 


=ftft . f- « n n ui i 


CO X X — 
O CO -ft o 
O tfl n4 r 


;c 


PI o 

X <M 
— CO 

x m 


p* j 1 

Un» 
Ui 41 X X 
> UI • • • • 
UI DC X PC — • 

0 O — — — 
j ui ! 

1 ol 

O — DO 
C UI4 N4 
U Ui j • ft • • 

q:ui 4 m ’ 
13( 


T' 


*- < o z I 
F»W! . 


- -no px o o 

NpNNNPMrt 

'2588 gfi 8§ 


co ® x 

III 4 N P 


KIM NN 
19 


I I 


Lit | 

*< m ! *- x 
N ! Ip • : 
i-» ziarPli 
o m MP4 

;* i 

a. »- i pi * 
;t ui i <n 

lb. _J ! ft* 

«p z ; x 
UI — p! 


4> X X p. CO X 
X X X X X ;X 

— V o L <n U 

— PI 00 X 4 O 
• ; * • • • 
---inp* 


o 

*< p* 
■ UI 

: l>. -J 

u z 
UI -ft 

O P* 
a. ui 

O z 
a. — 


r ** 


«n 
co 
• ■ 

«A 00 
X | 

i 


s\ 

to . 
O 


4 O CO kp lit ifl 

x : ji ® m n — 


p 'id ton o 40 

X r 44 4 4 
n n n o n — 

i r r 

8 S R 8 8 S 




jO il x 

‘ “ OCiftf 


CO 

o 

00 


tl 


o 

o 

az 


174 

y 



BASELINE STATOR BLADE ELEMENT PERFORMANCE AND DESIGN DATA 


• • 


O- -0 N 
f "■* *• 

l;* 3 

rsi' 


kj !* - 

hi 4 

rtpf* fp N* 


b - '• 
D 


^ir 

u o 

Vt 


> fp 

• • 

o O 

S N ■ 

Z' i 

4 >• 

< U • * • 

I wO 


.LI 

• • • 

CO nr o O* 

O ^ T > * — *N 

» o »> > o o 

fp b oi> o> 

■ • •• • • 
0 0 — . 3 T — fP 
XX) 0 7 *► — «N 

f*. ® 19. O • O O 

t o n-o eo r 


o o 
0. > 
<0 * . 
r o 

w* fp — 
tp l 
tr ui • 
p* o o 
P 


ON 
' Ul » 


’IT 


Z* 
D I 


W ifl lA 

^ r — — 

tr -r 

*> «M « 

u I* • • 

y to o* t 

in O o — 

-N. IJ- fp fp 

t\ I 

^ «N 
y M CO 
UJ I • • • 

a: 
v 9 
UJ 
o 


b- 

* 

£ 

!x 

3 

in 

!u 

Sc 

< 

>- 

o 

© 

a 

y 

c 

l 


II 

III ® 

uj i • 

r 


*n 


ora r* in »n 
«n in m 0 0 0 


il 

» 

b o 

i NJ 

O 


I 

in « 
0 n 


it- — m m tr 7 

0 *». O' mIO ^ 


pt 4 o 
O' 9 CP «> 0 0 


t (t N r < 
a r r «o a ifl 


N uj . 
i tr n 
moll 
! W I 
i ° 

S w 

— UJ , 

a a: « 


- o < n N 


• 1 


N r* N N 0 


fp. w 


«n n 

“l 

ul 


N 4 > N rt t* O 0 


w d — co 

lAtfl 4 4 

i* • I 

i 

h om 

b o m 

n 


l: 


r oo* tp. 


MU 1 * « • 

i y — 0 
rwo 4 r 
:>\ 0 <o 


,1 W in n O 

l>N » 0 «*> 

-I Ci i 

_j K s n 

< - w • • • 

M MU ■" irt *N 

o • m m — ■ co 
uj >s ® ® n 
a.. *- j I 
in u. I 
— ! ► 

nn N » 0 *n 

W ;i po* *■ 

;-l '< • • • 

•;o i — fc" — *4 

lz in O 2 N N N 

!fc U 1 - O o * 

o z i pom 


J. 

a- ■ 
*n 
o 
;» 

L 


a- 0 »• 

*n r-» «n 

O a O 


nn 
0 0 ® 


o n irt m 0 . 

n r n - o o 

n irt n it s 0 i 

OOOdOD 

• ♦ • • , • 

- r - r - r 

^ 00“ 4 N in 
<0 N fr irt 0 
ffi Irt Nlrt 7 n 
4 N 9 V O « 


fv -O 0 £> ' — to < 
e <o n r ® o 
3 > o o o o 

• ’ T T 7 7 

o> r m r »n o- 


■ o *■ 

ON i 

k- 0 a? 

k L. 

UJ !• • ' 

y O 03 
in ® O’ ® 

N - N f 

J* *]^ * , ■ » | ” « ■ 

<|^NNs 0 — 0 K 

A ® 0 « o — 

irtN O M — 

- - N N o| N 


ts. - N N 4 4 

1 irt irt O *4 X X 

10.-0.^ O 0 

4 4 in Ji ifl v 


0 — P*. 0 0 — 

1 n CO o 0 <*■*. ► 

i y irt n n rv »*• 


I 

»• K T 

N *n 

4 Nt 
p* r* .0 

I • • . • 

I i 


\ 


i 


— DN 0 y — 

N N N M O- n 

O O' 0 iD CM o 

0 Jrt irt Jl ji 0 


I 


L i 

N p 4 


BOOMflM 

o. u/r* O' 0 — ini o o- o m 
* — r> 00 - * 


I 

O DirtO#- K 
♦ ■ • • » • • • 
N n n N r K 

0 a - N 4 0 T 

N 0 CP O' O- O' 

1 i ' 

0» O 0 0» o il 

N< t n j- o 


u. 

*-fN 

o cr 

IN Art O* O N n 

u. 

< 

• ■ • 

• ' • m ; • 


UJ 


IM — 

— 



in nj 


: 1 

i 

i 

o 

O D 

o o o o 

o b 

b 

o 

O O 

o o o o 

o O 

< 

JD 

o o 

o o o o 

o o 

i 

<o 

o o 

o o o o 

o o 

L. 

J- 1 • 

• r • 



U. 

a. 

SI, 

D 

i 

o o 
o o 

! i 

a o o b 
o o o o 

i 

o ,3 
o o 

:i 


o o 

o o o o 

o o 

u. 

< o 

o o 

3 0 0 0 

O O 

u. 

i_ i • 

• • 


- 1 • 

UJ 

si 

rrt 

i 

N Ifl 

i ! 

IN IN 7 r 

1 

fp o 

V 

— 

0 O 

N NP N 

0 fp 

M 

— 0 

fp. ® 

O' O' CO fp 

® fp 

O 


O' o 

O' O' O' O' 

O' O' 

a. 

0.1* 

» . • 

* I* 

• ! • 


* i 

LyO no 
_J o ON 
I «frt N - 
I U. O O O 

l o ♦ • • , • 


I 


i 


O 04 « N m 

O* — N» — 0 

O — — a - N in 

O O O O o o 


0 in o — o 

irtOjift r 

> tP Irt - -N T 
I N NNf* N *M 


Oirt 4 
O ON 

jrt nj — 

<003 


I 


004 frtN o 
O' — IP. — 0 — 
o «V ay 

O O O O o o 


I O I 


CO T T irt « fl 

p O a N f*. N 

1 i * ! i 

0 K o r* T O' 

• ♦ 
«Tirt« flirt 
in » fl N <rt «n 
rt N N N N N 

I ! 

i 0 in 0 — 
* # • • * • 
1 0 N o n »rt — 


4 4 fl 
O O' « 

N r*. »■ 
i— o o 
; • • . • 

I '! 

t* ® N 
o tn 0 
ifl t n 


n — • ua ““ * a 0 
fsi 0 n o* a n 

n fl ifl * f*» y 
000—0— 
*r * 


• < m 


>v ® 

« ® 

N 4 4 frtifl Ifl 

uj o i 



1 1 1 

x x; 

1 -l 

p» fp 

( I • 

in fp in fp fp r 

° "j. 


I ! o o o 
o o o 
i£ o a o 
O \j o o o 


*ft CO #*> — fsl o 

N Op ® Irt N 
4 4 irt lA Irt irt 


d ! i L 1 ^ 

piflB mO N NN r 

. u 1 * ••••••• • 

♦iy.fl'Oifl «N 4 * D 0 ~ 


(r irt rrt N 
vjirt irt U) 


K y - 

U - T N 


Irt ® fs — 
K 4 <4 IA Jl in 


T O 0O o X 
N N s Irt O — 

«N fl NqP 

rs, 0 0 0 0 »rt 


n n n 440 irt 
o r o® irt ► 


: a: O o- 0 

) ijt A n 
“ UJ i 

oJ > 

3 - N N 
y O — — • 
ftyl * • • 

I u rt •« 

> 01 — — — 


On 0 
C UJ 0 N N 


O 0 O 0 r a 
*n 0 — a- — a 


a in p O' <► o — o : • i • 


t« 


9 - -® ® r 44 

M o — o — 0 
n 0 ® r o n 


;N — . N 
y Irt N N 


— O— — 

; OZNnN 


*8 55 


fl tflK o*t o 

N N N jN 14 n 

ft S * 3 S si 


oc m 0 0 

o i it 


P — O’ O « b 

• err • i* 


i I 

*8 5 888 

i 


S8S 


-• T T to 0 0. 
T T MS O — 
fl T 4 N flfi 


r* jc’ cj 0 I 
•.y sv m « [ 


i n n tit* 


j ! 1 

O O O O o o 
O O O O o o 
O O O O O o 
o o o o o o 

■ *r t y 

•K O N N O' 4 
>4 ifl ® — 0 a 
• ••••• 
O O' O' «M Prt 0 

® r t® 


u z 
w — 


■it, z 

u — 


o t- 
0. Ul 


N Irt N’rt T<4 
3 - — — to -.0 


irt N ► CO o N 

a n NNflfl 


O 4 fl (0 irt 0 
— Oft® N x 


□ » ®0 NT® 


<r ►- 
a: uj 

'O _J 


® ffl - Ofr N 
I , I — I , ! 

I •(• I 

O — V 4M « CO 
irt a irt o 0 ® 


cr uj 

!° 


0 d 

<X> | 


* 4 ) 

r ; 

« i 

o 

U 

ul O 

in • 

>N kfl 

r «■»; 
21 


CM 

CN 

pp 

CN 

II 

o 


X <*»: 
il mi 


o 

o 

oci 


175 



BASELINE STATOR BLADE ELEMENT PERFORMANCE AND DESIGN DATA 



tr 

jc 

X 

x 

r 

is 


* 

N- 

o 

o 

be 

;UI 

« 

L 

E 

h. 

* 


COO® d) 00-0 — 

r N O 7 O OC> CM . 

' 

K !• cr b - N 7 M 

1 03 !?}/> iA i/> «n iA ill I 

I 

U« ANN o A ® I 
hut io a v n n n i 
• Ul • * • • • • ; - - 

U £C L-o OCO < ON 4 
IOONN n A T u >03 »n 


I I • 

b 4 o> ® o<o cr M - 

U <0 (A lA » if) ^ — I 

ry u : • • * • • • • 

• KlAiA l/I^N N 4 N f 

ffitfll I • t I I I • 


'X ' 

I— 4 ) l/> 


•« (A OO* CAN A | 

UKC' ► ok T 

— UJ * • •#•••« 

I s: P> 4 A ^ - ® N N I 
ia>OITT TOONNAi 


>0 O *4 ► NK«T MO 

o' • • •••#••• 
w a- A NKN — in -a 

IA O -4) -O OMAN N y 

» ^ji a -I i • a -a a , i 

! I [ ' 

NO- K oo« ► Mr. 
— u/ • • • • • • • • 


I Ul N -O a* N - iAK o | 
to W —00 tnco Nno IM 
>* >»in X r A a nn n 


C L 


u! • • 

I w JIN 0 * 69 * 00 * O l 

rwifla- 3T CN» ~ — N. 

4 0<0 44 lAi 


:k- 

1 CO 4 

3 r* i 

»* 8 - ; 

: L, 


! 


I 


N* "4 N (A o T ' 

i— ui 

I WO A -in 04® © . 
cm AtA N ON AT 4 f 

> sir a* Tinrn mm r s 

I ' | : 

NlflO> N74 « y 
W « • ••• • • • 

NUO O A> y -A T a 

i a mmm r nn nn k r 

:> N4 4 4 44 44 lAil 


l| o - =T »- o o— «0« 

-UtoiA tt-cd^ a-* 

>; a wn 4 m a — o — m ■ 

I > S 4 *0 4 4 4 4 4 m c 


id • 


i 

p> - N N A N N 
04 ^ O O' Ott 


m i 


a rr O' t». o o> a i 

O ! -• I— — N A ifl N D- 9 * ( 
Z m OZiNN N N N N N N 1 

< — i • 

-a 3 «^t— oo r< 

tf o o co — o — o — a 

O z I 70in*14®7»‘» 

►- ui «c I * • ••• •• • 

rt O — — »A U1 N- p» O' 

►> < O z NN NNN NN N 

*«; i 

! 2 i .9 !» 9 *fl g g S g 1 


= 1 


I I 


! I 

4 O A m <4 44 O* 
N ifl O — M 

3 — in o s> <► n* • 

► 0 * 0-000 o 


« T Nlfl O o 3 - ©* 


X 


:• « . • 


j r — 

r 

j 

Jt in — a* n rv 

D — CO 


® O AiA A - 

o — m 

1 

— cn o* co ^ »n 

n m a 

to 

3" T- 3- J» <© M 

NNN 

r 

:• • • •••»•■• 

! ! 

r •!*’ 

! 

N O T A O ® 

i ; 

n — o 


N O J>iA — O* 

O ► f. 

M • 

^ \n /> -T" ■ 

-n om: 

1 

r 

m ji in in in m 

m m t 

. * • . • 

i 

i ’ 1 

O J> 9* N. O 3* 

i i 

4 N N 


<4 O M O a 

4 N O 


► «Nin nfl 

W m 

a 

m m m m m ^ 

in 7 7 ' 

X 

} i > 

. • • , • 

j J 

j 

t 1 1 

M n — 

j ; 

— n m 

CL 

u ► n a? 3 - o © 

0 0 3- 

1 

— ui o ji co in o* 

rM *o — 

L- 

►— IN ® lA lA IT A 

O O M 

U. 

< * • • • • «r * 

• • • 1 • 

UJ 

►- —* a- K co ir J! 

nor** 


in 1 | • — ■ 



o o O O o o 

o o o 

o 

O O o o o o 

O o o 

< 

_» D o O O o O 

o o o 

1 

41DOOOOO 

o o o 

u. 



• u. 

o j } 

! 

u 

1 - ! ; 

! i 


OO OO 3 0 0 O O 

Bl 

o o o o o o 

o o o 

a 

-1 o o o o o o 

o o o 

U. 

■< D O o o O o 

o o o 

u. 

^ l • • : to to ‘ to to 


UJ 

o 1 j 1 

S t 


H* ■ 1 1 

1 1 


4 » ifi 3 - -O o — 

in a t 

V, 

O □ > N ty — 

n t r 

<M 

-N N 4 4 4 4 

4 N 4 

O 

O O* ©* ► ► O* ► 

0 - 0 - 0 * 

Q_ 

i > i 

!* *i • 

i 

Cl 

i ' 

y-K 74 —A» 

i 1 

►* M > 

1 

ifl ► 7 r — 

0 0 3* 

m 

— A A A iA 4 N 

N -c a 

m 

U. o o o o o o 

o o o 

o 

O ; • • : * • ■ • • 

! • * • 

_j 

oc\ 

i 


0.1 1 


Q. 

N A N 4 —N 

l> N T 

a 

o* *o ► »* •* — 

3 0 3- 

in 

3 A r>) A m 4 K 

N 4 <D 

m 

<000030 

o o o 

o 


1 * * • • 

-a 

O! 



4- t 

i 

40 

— O* 3* O — M 

‘T — O 

a 

O M M l/l — © 

3- CM -O 

< 

At 7 lAO — — 

on* n 

u 

----NN 

<4 — 01 

UJ 


! • •. • 

X 

! ! 

i 

o 

- 1 ! 1 

1 1 


K 4 Am o- 

0*010 

vs 

m ► o 3 - m ® 

M ©* o 


r> N N ON N 

NN 7 

It. 

N N N N - - 

- - N 

a 


• • •. • 

o 

i < 

i i 

a 

tr in o o o o 

o o o 

a 

3- M — O O O 

o o o 

< 

*0003 O O 

o o o 

o 

U O o O O o o 

o o o 

UJ 


. • • • 

X 

X j 

t 1 

o 

in ‘ 

\ ! 


► ® »■ n — 

o* — o 

X 

U n O A4 

► © — 

UJ 

tu • • • » • • 

. • • • 

3 

OC in fA M o ► ► 

— A 4> 

X 

o m m m m t © 

in in in 

< 

ua, 

( 

w Dl 

! 


•— A* A» > o — 

*o in n 


W A lA m N (C 4 

4 m ffl 

Z 


Of 

Kin n»*a® m 

3- 0 * M 

O 

otn m t t a a 

n m -t 

>“ 

ua » 

i 


O I i 

1 


O- MfiN-T 

TO N 


UN « N04 ► 

o* ar — 


: • • • 

UJ 

IT O ► ► p* co <► 

M 3- -O 

o 

15 — 

m .m 


UJ ; 

i 


o! 

I ; 


N 0490 A 

NO — 

X 

y — 4 N 0 3- 

3* O ® 

u 

UJ ,••••• • 

1 • • 

Z 

DC Oa iA N T 

.3- :<m 

** 

O- a a 

I 1 ' 


UJ j * 



oj ' 

! 


O A. N A A 

3- *4 V 

in 

UN 4 4 ON4 

®A T 

u 





u! 

UJ ! O 

m»- *o 
|U. • 

x;cr — 

> Ca«Art 


* ut I K 

W -i!a» • 


a ut 

u* -t * — 

if 51 2 


> s 

o Z' 


to >- 
o z 


1 


o 


1 • 

CO 

- 


U4 

WQ 

ii 

■Si • 

NN 

o 

in 


; ®— 

A 


ad 

! • 

o 

x o 

k. 

ft. *4 

3 


tA 

* 

a 

£ 


o 

£ 


176 



BASELINE STATOR BLADE ELEMENT PERFORMANCE AND DESIGN DATA 


1 1 II 

W Nl* 

tn M iv Id 

l 

i 

M 

1 

n *n 

! ! 

4 NO 

1 1 
03 O 

1 u> )• • • • • 

• • • • 

3 N* 

N® 4 

CV-O — 

N ui r» — r*. n* r 

n N a n - 

-« 

O' D 

— — Jl 

O' O' « O' 


► 

u o ■ » m rv •- •*/» os t > 

O SNN ® ® 3 3 


paj r£ 

i < I x »- 

ft. i U • • 


O M 

o o 


— IV D 


D a* 


Ul3 O' 

m *> o 

> \ « N 


3 Ns 3 
N ® 'O 
n. -rs. <n 


D-^o*t> 

mo- n N 

3 3 * o o 


►- N 
Z I 

— » 
O D 
ft. > 

55 o j 
tT 7 

in i*i * 
*» o o 
o > 
H w| 

o tv 
ui ; i 
Ui w 

a. > 
in 


r r»N»vr< — 


ui® 3 
in « ts 
"s. ns r* 
n- i» I 

I 


O' ' 4 >JV 
— 4 5 r 

OD CD > 

• • * 


O' 4 — Ns N. 3 


> V» ® Ml 

O m O 4 
O O O O 

7 i 7 7 

* N. 4 


U ! • • 

UlN" CM 


p 

> Vi ! • * 
Uji© O 

m !— ■ m 
\) 0>0 


1 <N» CO ® 

i n* *> • — 
i m run 

1 8 I I 

S’ N <► 
• * • 
3 N* — 
■O 3“ 3 

o o a 


n n> 

N* 4 s 

o o o o 
I it I S 

l ! 

o tv® rv 
• ! » • * 

•a ® t o 
o t r in 


I » 

rv ® 4 3 r> 3 


Z N 

D l 

* f 


ui In o* 
UJ ! • • 

X 4 O' 
Off T 


L 

Ino 

'io o 

F 5 

th 


t in - 
O j— IV 

S 

ui a — 


sr ® O' 
M T N 
4 4 P* 


NN O 3 
O NN - 
CO CD CD CD 


b- ® ir n- 3 *© 
on « < m — cv 


N Jl ► N S’ J 1 s 
ut JlUI'O « 4 


^ O' ’’ 
to Ns m a 


•-a-o* 
Nn n 


in ^ ji on y < 
n n a in io j) ® 


n t o -4 o n 
in n o n o 4 3 


» cj jl l 

“Ur. 

uir s 
i y; • • 

: AC —O' 

ii9»r n 
Wj 

°L 

,4 — * < 
I ll ‘ * • 

1 UI CV® . 


Ifl ifl N N O’ n T 

> I « • 1 I « 


l> > 


— u : 


m® O' 4 ® on in ^ 


i « ui ^ *n -n 
o in cv® m 
> \ ins 3- 

LA- 

UI i 

in i 

•v,* 

*1 

ji' 

UI : 

n < 

N. I 

.1 


UiO* 3- < 

!tm 04 i 
i> >.4 4 • 


O 1(1 N N 0 3 
o- T -* N x S 
n n n n n n 


no® < nno 
• •••'•• • 
O* 

i a in no a o 
m ifl in s g- cr 


— »n w *n 3 n in m n 
• •••♦•• 
o o* N 4 T 1*1 T 

4 « - ONn Jl 

i/i j) Jl J> s r sr 


j®PN — O 3 ® 3 


V • Ul3 >4 
i m n 4 
j> >.,-4 *4 


- «T| . = 

j! b-« i 

< i KJ J • • ' 

— — ui Nir*. i 
u i m n Jl 


n n in ji n n 4' 

3-0* Ift N N ffl T 
4 jl Jl Jl Sy y 

• i 

tn 4 »iinn<r 
> • • • « i • • • 

• CO N S rt o 

i —O' 3 ® n. 
i 4 Jl Jl Jl J) 


w; O' — 

Itfl N !® 4 

UI l ISO 

!_» <• * • 

OX — I— — - 

IX m o Xfvrv « 

j -J ^ jO* TO 

lac o — !o o 

0 X 1 13 O 


At tv 
m o 
r O' 


O' 3 
® — 
in n 


<n cv tv ^ i 
O' O ® i/l I 
® O' -m® 


-« O T < 

o — o — ci 

o co sr o- r 


£« 

jtn «n 


— |o— • 

O Xtvtv < 


I lA N No 3 

l N N ,N N < 


1 £ ft 2 £ ® 

I I l 


*0 — ® 4 — m l/> 
-JIN ON N — 


o- n. n n fiji n 
n n n n p n n 


- ® n -n — 
»•••••• 

. O* N. -O O O CD 

ji 4 4 x n n 

K • I it « • 


r 

• 

# 

i : | i 

i 

D 3 

N Jl® *| 3 o m 

— < 

3 

cv 

NJl Jl « NT N 

:» 

r 

in 

jin r 0 rv — — 

• 


in 

in in 4 n n n n 

X 

} 

• 

• 


1 1 

L 

3 

: ' 1 ' 

& W » r*> — ® U> 


n 

in 

n X O > Ni 4 3 

M • 

NHi 

o 

4 n — ® ■ 

1 

» 

in 

m in 3 3 3 r» 

r 

i 

• 

n 

» 

j j i ; 

*^33 ro n N o 

1 IM 

4 

n n n y o n jt 


D 4 

n n r tv — o 3 

1 IN 

4 

4 Ji Ji ji Jl Ji r 

X 

j 

• 

• 

1 

n 

rv 

i J 1 i 

cn 3 O rjN N IN 

CL UN 

in 

N 3 — o <v O — 

1 — 

— • 

3 

Jl N jl ON Ul 

u_ *- m 

in 

4 X O jQ N N 4 

u. < 
UI N- 

• 

• 

i • • i • 

• i i ! 

! <n 

o 

o 

» i : 

□ OD O O O O 

!o 

o 

o 

o o o o a o o 

•< _j 

o 

o 

a o o o o o o 

i < 

u. »- 

□ 

♦ 

o 

• 

0 3 0 o O □ O 

U. o 

i*l *- 

o 

o 

!|j! 

o O o o'o o o 

Q. 

o 

o 

o o o o o o o 

1 _J O 

o 

boo c o o o 

U. C 
U. N- 
UJ o 

D 

• 

o 

• 

0 O o o o □ o 

1 • • . • 

! i 1 1 

1 *“ 



i 1 


l- 

n J| N 4 — Jl 4 


r 

3 

4 r*» 3 n Jl Jl N 

tv — 

4 

4 

MhN^OQN 

0 0 3 

3 

O* 3 3 3 3 3 3 

ft. a. 

' 


• 

: 1 I i 

» I 

'fttilto 

3 

^ ^ 0 “ M® N ^ 

• — 1 

— * 

— 

Jl N ® fV O — — 

IO M 

ro 

»n 

tv c 0 - ri n Jl 

Jluo 

o 

0 0 0 0 0 0 0 

o o 
!-» « 

• 

• 

t * i 

Q. 



t 

0 . 


3 

3 3 3 fj CO N N 

I 


mm 

in 3 so nj O — — 

in -J 

m 

n 

rj O O «n n jl 

in < 

D 

3 

O O 0 0 0 O O 

o *~ 

■JO 


• 

’ 1 1 

»- 



' 1 

CD 

3 

3 

ji n ^ 3 ji t 

1 

- 

3 

n n n fv <b n 3 

-X 

N* 

M 3 m fVrt®® 3 

o 

— 

— • 

0 0 0 0 0 O — 

UI 

• 

• 


:r 




o 

L 

o 

* 1 i ' 

n n n ji ui 4 n 

Cl 

mm 

fN 

N* OJl IV-NN 


CO 

3 

33 0 0 ® 3 in 

u. 

rv 

M 

NMn^nny 

1 




,o 



; i 1 1 

® 

o 

O 

0 0 0 0 0 0 0 

t 

o 

O 

□ 0 0 0 0 0 0 

4 

o 

D 

0 0 0 0 0 0 0 

C 3 UO 

O 

0 0 0 0 0 0 0 

UI O 

• 

# 


X X 

o m 

. 

N- 


i ! 

n n n n 0 3 »n 

or ui 

CD 


Jl 4 Ji« 0 in 0 

ul UI 



• • • * • • • 

£0 QC 

in 


<V 0 O' O' N n 4 

XOJ 1 

in 

Jl Jl T y Jl Jl Jl 

•< Ui 
VJ o 



: s 

4 

c-) 

3 t > n N n® 

UI 

3 

04 n o n n o 

X UI 



t » • 1 ♦ rn , * *l» 

a: or 

fv 

3 

3 m O 0 * O' fv 

0 0 3 

3 

33 r f*,n n 3 

w 



? 1 

i °k 

N* 

! I 

3 ® 0 n 0 rt u> 

u> 

r> 

M 

3 3 O — O 3 Ns 

>Ui 
Ui X 

cf) 


3 3 3 0^ N ° 

o o 




! Ui 



i i 1 

o 




tv 

4 

O' K N 0 Jl M in 

X Ui 

o 

3 

4 O' rn <c Ns. ® 

O Ui 


♦ 


X X 
t— o 

tv 

~ 

,,-r »3 

! l 1 

UI 



! ! | 1 

o 

o 

N- 

tfl (*l Jl x -N O Os 

in ui 3 

3 

tv 0^4 ^ O N 

\J Ui 

• 

• 

• * • • ; • • i • 


Z cc 

• o 

Ui 

o 

u| 


I — — — tV -j 

I t til | 


88888888 


‘I 1 

Q. »- ® 

I ui 1 N* 


i J' 

i »n 


o ►— 
a. ui 

•o ? 
a. — 


o *- 

N- u| 

v j; 
o z i 


‘ j o® ■ 

cc 1 Ultv 

nc ui i in • 
jO vn 
UZ! IN • 


S 


oc UJI io 

* c J OJT 

• SJ z ! KN , 
X —i fv 


in 

co 


n 

o 


o 

o 

cs 


177 



BASELINE STATOR BLADE ELEMENT PERFORMANCE AND DESIGN DATA 


LS | 1 > m 1 . 

K * j U !• ♦ ■ a 


E 


O 

X a X 
HO'I 

M hi P 

,: 2*T 

b^L 

D ® • 

T> O 

i 

a i 

h * 
x • 

o o 

l >. 

r» *- ! 
b o | 

tr l 
m ui * 

*•00 

^ o > 

r^r 

0*M 
W }• 


u , 

UJ ^ (Mao 
wNtji 
X X 


I 


« r n t r «« 


I t 


00 rft r% <*% X r 
OX ST X • o X 
EO $ > > OO 


a ® o — or x o 
o® x r >o > o x 
x r* ® X a « fv x • 
» ® » > o 0 * X -X « 


<n#> Nt/> i/I N T N 


! 


ui b ox 

«N 
X a *X X 


M\ 

u 1 ? 


® m or —x 
® a r x — cm 
£0 >X X - o o 


xx® o x n — in cm 


r 

*n 

•• ; 
i 


X Nm N - « 
N r O X 

r Dtn mm m 
<J> O < 0-0 0 


■ a > a 


-UL 


_ X o 

in x to — 

XXX® 

■ !* « I 

‘ y -o 


o X 3 - 

O O X 

® X 3 D 

I I — — 
I • 

— r o a 


a x 
o in 

o o 


r> 

O T ifl - N 

a r «— ix 0 irsa o > x • 
in 1 / 1 J) t t t r r> 


y « a in 
in «n oil 

V r-> X CM 

MY 

^ «** O 


i« 


u , . 

uj tr x x 
WNfr 

O 


« y n n 

X X SD — 

nxtflM 

• « • 4 

x r x 0> 


a not n 
— a — x 
O o - r* 

", — r 

x r #4 


a -f 

x r 
a a 

• 1 * 

r *0 

• • 
x »- 




* x r a x a 
m a x i/I 4 x 


Z N 
=>!• 
Off 


* O' X O 00 

b —in 

W • • i • 

U U N - 

«<o o »■ 

Mftin^ 

nu 

uj n x x 


•a 

® 

mx 

a 

x — 

— OX 

« 

a 

a a 

m 

n m 

in m r 

j* *!* 

X 

j* 


• 

• a a 

! 

i 

1 

i. 

® X 

i 

x U r 

! i 

*r x m 

a. 

u 0 

r» X 

X 

X *0 

r x a 

1 

— X 

or 

ri 

x n 

x x 0 

ik 

x a 

a a 

® 

CO ® 

X x x 

| a a : a 

ik 

« {• 

• (a 

• 

! • • 

hi 

x 

1 


| 

E 

i 

in ! 

I 



I ; 

! 

b 

O O 

0 

OOOOO 

O 

0 

O O 

O 

0 0 

000 


in «r — *n 
— co in a 

M» M> X X 

I ! 

y a a n 

x co — n 


in — 
a x 

X X 


XX .u Hlf 

I U- o 

! Mh! 

a n ; D 


J D OO OOOOO O 

<p OO o o o o o o 


t L 

jtt- 

► 

0C 


SC ® — (*> 
or 4 tfl n <0 « M 

“.[ I i I 

fM rt a* 9* — x — 
u U«m onn n 

U > • a a • • a 1 • 


x — • r «n • 
4 ' 


<0 onn n> 


x 

o 

in 

U 

x 


a: in o m 
> o 

hi 

o . 

x m in 


x a o « 

nr<A4 


r a 

in in 


• n m 


O 
-J O 

c o 
x | 


l|l 

OO OOOOOO 
00 OOOOOO 
00000000 
OO OOOOO. o 


°L 

IM 

< 

X 

r 


IM : 
— « « 
OX < 
0 . 5 * 


1 — — in 

x y — 
CO X x 

XXX 


H x x 
u a -m 


nr n a 4 x 

*0 O O x — X 


— n 
w o 
0 1 • 

II 


^ X 
OO 


n <m n 

moo 


1 

-X 
in m o 
co © w 
XXX 


ir a - 

X O <M 
n n y 
o O O 


ac n 
1 o fr 


* _ir> 
I < o 


4 4M 
m o a ■ 


fif o 

hi 1 VM CM 
■< NUN* 


tr <m m X x — o 


‘i 1 

D l 


fM o 
i fin 


p- r* *-r 


lA n--x in 
ia 4 4 n n n 


X 

n 

P 

• L 


o o 

! 

® ® 

X X 

n o 


o o o 1 

VI 

x m m 
m -T o 
in o in 
000 


so x m 
xxx 
a x x 
00 — 


1 i 


r* 

!» ui « —a* 

Dan ox 


► \ in 1 

X 

U. 

r « 


x — ® or a 
— x m ® ® ® 
y n nn n n 


x m o 
000 


is ui • • • 
It h> K x <M 

IS."-* 


!< 

“ O 1 ■ 
hi o 
m ms 
n. in in m 

c t-i. 


x U 

!» hi o x 

I a-fi an 


D -a o 4 n 
x o ® x m <0 
iA >A y r y y 


04 a N X — 

-n y N o ® 
x x x in r x 
r r r cr r r 


x x o 

XX® 
r -o o 
r r in 


►1 < 


O CO 
K O O O 
KJO 00 


XXX 

00 — 
000 
000 


cs y ia 

4 4 4 
OOO 
OOO 


r □« in ® x 

r% 4ft x ■ — 4 

;i wr -x ro«xm o 

>\44aa4Tiry r 

-I XI 

-J i in no 1 
<1 u ; • • - 
** ui K x n ■ 
u • in x X -a 1 
hi j>v l 
CL 1 X 

ml 


x (A n 1 

hi ® a ui 

UJ • • • • 

aca ox 

oa aa 

: hij ; 

id! 

o oy 
hi O x O 


o x x 
in r r 


•a x — 
— — x 


rax 
a m -a 


V. 

*n x p 4 o 
w ,» tr x tr 

-J -< • ♦ a 

41 « I— — X 


1 ian« r 4 o 

• a 1 ♦ a a 
-T IT f 4 

r ox x ® x 

4 4 4 4 4 4 

• -i- i 

NONN4 O 

o x o ® m x 

X «0 X n ® fM 


c y ax 
• ur yy 
■ ui 1 

01 

o ® ® 

UN 44 
> hi ; a a a 
1 k a — 1 


0 y 4 

' (T 9 ^ 


• a a I a 


« x m 
o — o 


X ® o 

i 


SriLJjT 


a ® x 

I - * 


—> ox 
hi kr ® x 


■ JN O O 

» x o -a 


"L , 


in x x x o 
x x x x «m *0 


«* r or 

i 


k“ r * 


■ ® x 
Of o — • 00 ® 

o z ■ kr 04 


Warn 

1 uir a n 


L 


h < b z 
mm; — 


n m x x x o 
1 x x x x x o 


-»gJS88Sj§8S 


> 2 £ 8 2 £ 


S 8 I 


i ul 
— u « 
< ® Ux 
N v L- • 

r* z ;oiX 
u ® I 4 N 


! i 

m o a 
1 o<e o 

a a a 

n o a 
p aa 


;■ ui 
u. -J 

■U.Z 

iu — 


1 hi 
W _J 

h. Z 


O 

> J 

O z 

! 0 l — 


m { 
® ; 


® < 


4 ; 

m 1 


x o 
ix — ! — 


r uj 1 

>* .j 

o z 


I lux 

of a- UJ X 

<k ua • 
:© JnN 
iuzix - 
!«- ® - 

1 r 

Of xl • 
Of Ulir ® 
O J T 

uz r* 

Z -1 x 


CM 

CO 

r» 

co 


11 

o 


CL 

ki 

o 

o 

Oh 


178 



BASELINE STATOR BLADE ELEMENT PERFORMANCE AND DESIGN DATA 


t ° 

6“ 'O t 


cs 


Z » Ul 

— ► cn 

O O ft 

o. > »- 
f * I iu- 

t* o ! 

+• ft *- w 
*4 I Ui 
o u ► in 
O O 

<0 O > K 

'.V j u. 

<5 f* U 
Ui jl u 
Ul » IA 
ft. > X 

I ft 


Z NU 
3:1 Ul 


BE O 

f* 

tc 4- u 

D- • Ul 

► cc 

60 U 
Ui 

o 


! I I 


u r 

X 

«c - 


X 

«c 

z 

>* 

o 

o 

cc 

Ul 


• or 

10 

Ul 

c 


k N Cl 

; i ui 

Li O lr> 

*- > ^ 
O | ft 

fe I k 

t !rir 

t) 

r 


N Ui 
» ui 
be IA 
> N 


E I U 


f o-e< 

o* 

Ml 

o • 

J» • • • 

• 


« ft ® © 

tA 

A A 

3 X • 

N T iO 3 

ft 

X ft 

— ft 

rr 

« 

1 

“T 

o o 

— r- 

^ n n n 

O 

o © 

ft b 

boo® 

■ft 

— X 

— ft 

F - n © 

ft 

X ft 

— ft 


<D 

ft ft 

o o 

1 i 

1 

T 

— ~ 

*#©■ o* 

0 ft f» 

0 ft 

DN<»v 

ft 

» o 

A — 

X ft © o- 

ft 0 0 

X 0 

1 % ft ft. ® 

© 

ft D 

3 D 

1 B 1 1 

1 

« — 




il 

1 1 

'■N® N 

nN r ft® 

• • * • 

• 

• : • 

• * 

n 0 0 x 

O ft ft 

ft ft 

r > r l» 

ft 

X N 

ft 3 

--NO 

till 

X 

1 

lA A 

1 il 

(A O 

t 1 

v ifl ® N 

J 

r n o- 

ft ft 

■> -O N ® 

os b 

— ft 

n v> fv © 

m 

9 IV 

0 X 

K O' © O' 

DO — 


, 

r* 

-P 

— •* 

SHT- 

ft 

X ft 

ft ft 

n -o -c ft 

o 

* 1 * 

-1 -1 

ft 'O >o o 

X 

o f- 

ft A 

ft ift tft Ul 

ft 

-r 

ft ft 

ft *1 M ill 

n 

i 

ft M 

— 0 

O O O ft 

(A 

A 0 

tA A 

3 O ift O' 

0 

*n ft 

ft « 

A U) t/l tft 

ft 

ft <« 

1 

■o -e 

>> Iftlft O 

CD 


«A tA 

► tA lA — 

© 

ft Q 

ft X 

r Oian 

ft 

— X 

x 0 

- ft M 0 

X 

lA A 

i 

tA «n 

3 ONK 

© 


— N 

-) O' O' 3 - 

ft 

ft ft 

ft o 

• • • • 


ft , ft 

• • 

-NOT 

lA 

m x 

X tA 

Bill 

• 

*i' 

1 1 

A O X <0 

ft 

1 

— It 

ft tA 

ia o«a 

o © o in © 

• • • • 

. • 

ft ft 

• • 

ft r n N 

rv 

— in 

Jt *A 

r * t r 

X 

x x 

1 

X X 

S A — X 

tA 

o x 

ft b 

• • • • 


• - ft 


1 P> c> 

ft 

X ft 

tA ft 

-NAH 

till 

X 

• 

x r> 

• J 

<A r» 

• » 

1 

v ^ in <A 

1 

ft- 

i 

a m 

<1 o 

ft - -ft T 

in 

X CD 

O' 0 

r — a> 0 

o 

X — 

w M 

A ia r r 

A 

t 

A X 

1 

X X 

i 

m - iA r 

j 

I 

X X 

0 ft 

• • . • • 


ft - ft 


- r. r 

ft- 

0 — 

ft — 

a a in o 

lA 

tA X 

«A ft 

ft |A «A lA 

X 

X X 

j 

X X 

A — CM CO 

ft 

A «0 

O A 

o o oft 

ffl 

O' ft 

— X 

(A O - ft 

A 

A — 

— o 

A tA lA * 

X 

X X 

j 

X X 

lO-fflO 

lA 

» 

ft ft 

A) ® 

i ' — © i A 

J, 

ft N 

X ft 

pa a o 

ft 

|A X 

A ft 

ft U)tA (A 

X 

X X 

X x 

i ft- O A 

A 

1 

A X 

ft 

A ft A 0 

O 

o — 

ft — 

ft A O A 

ft 

ft ft 

0 0 

S KN ft 

tA 

(A «A 

tA tA 

► - NN 

n 

I 

#v rv ft a 

to ft Oft> 

o oo 

tA O' 

to- 

j • • • * 
U-NA 

a 

ft rs 

0 ft 

lA 

ft ft 

O' o 

IN N N N 

N 

ft ft 

ft n 

1 © CD ft- X 

— 

0 0 

x ft 

DO® — 

O 

— o 

— A 

r D a n 

ft 

0 X 

O- A 

O — — rs 

lA 

Hu ft 

O' O 

N N N N 

N 

ft ft 

ft A 


ft 

U 

1M8 O' Ul 4 
!!•••• • • 
<tkiL — © m — 0 


N o 

b sr 


F OH 

O X — 
n -o iw ■ 
O' -O' *o ■ 


Ft t t *r 

o o ft 0 o n t- u' k 

13 0 ® X — »■ f — < 

~ - © — 0 o f 



• 


r x 

r uun 0 

0 0 

0 




r 

i 


*• 

>i • • • •• i • 
| | 

r 

i m • 




i 



1 { 

A A ih 0 

u 

! 

0 




1 


H* A 

tA 0 0 — 

ft ft 

ft 




«>• 

No© o ft -ft 

ft *0 

JS 




i 


A A 

X X *A lA 

0 0 

0 




'c 


•• 

• • <• • 

! t 

r * 







L. 

a on® 

i 

tl ® 

0 





|A ft 

► HAN 

b m 

o 




-• 


" X 

■ft tf\ ftft -ft 

— o 

c 




i 


0 -V) 

0 iA A J1 

A tA 

tA 




r 


• • 

1 • * i* • 

i* * 

i " 




; 


r -« 

OKtftH 

l : 

0 ft ft 




CL 

O 

D ft 

0 0X0 

D iA ft 




1 

©ft 

- 0 

ft — 0 ft 

0 X 

tv 




U. 

ft A © 

N 0 ® 0 


ft 




u. 

< 

• • 

. • • .• • 

!• • 

, • 




hi 

ft 


J 

j 






tn 


. : 

I 






D O 

o o o o 

o o 

b 




a 

CD O 

0 3 0 0 

o o 

o 




< 

_1 O D 

DODO 

D O 

o 




t 

< 

3 a 

O O O O 

D O 

o 




u. 

ft 

* • 

• • • • 


- • 




u. 

O 








Ui 

ft 



I 

1 






o o 

o o o o 

D O 

o 




£L 

o o 

o o a o 

o o 

o 




1 

_l D O 

o o o o 

o o 

o 




u. 

< D O 

o o o o 

o o 

o 




u. 


• * 

■ • • ; • • 

i • • 





UI 

O 


1 







ft 


1 

1 







— o 

ft 0 X — 

n ® 

o 




ft 

rv <A 

ft 0 O ft 

— o* 

0 




ft 

©ft 

® v> 

ft 0 O' 0 

to ft 

ft 




o 

O O' 0- 

O' O' x O' 

O' O' 

ft 




ft. 

a 

• * 


r • 

• 




a. 

Ul 1A O' 

; i 

ft rv O' o> 

iA 0 

o 




■ 

j in -a 

ooxo 

0 0 





<n 

— A» <-> 

rvtv — ft 

ft 0 

X 




(A 

u. ,o o 

O O O O 

O O 

o 




o 

o 

• » 

• • • • 

1 * * 

. • 




~J 

DC 








a. 

a. 

® — 

«v tA ft ft 

i~ 0 

0 




i 


A -O 

— — ft ui 

C X 

o 




tA 

Jrt A 

n ft — #v 

X X 

tA 




lA 

■< 

3 O 

o o o o 

o o 

o 




O 


• * 

• • * • 

l • • 

, • 




-I 

O 



1 






ft 


[ 






c 


A >A 

0 ft O ft 

L- ft 

ft 




I 


A — 

ft 0 0 0 

tA tA O' 




< 


X X 

— ft ir. ft 

— IV 

0 


u 

i 

19 


— — 

— o o o 

©0 ©0 

mm 

i— 

Ui | 

tA - 

Ui 


• • 

. • • • • 

i • • 

m 

< 

m ; 

U - ; 

X 





J 

> 


o 




1 

i 


X |CT0 



O X 

h a U ut 

o a 

lA 

o 

© 

(A ft 

u 

tA X 

0 0 ft X 

O 0 

tA 

jC 

-1 


< 


CO O' 

O' — x ft 

ft 0 

LA 




lu 


a n 

0 X X X 

tn in 

tA 

a. 

ft 

O' 

1 


* * 

• • • • 

: » • 

. • 

• 

Ul 

0 

o 



i 1 

| 

1 

u. 

-J 

0 • 

1 






L 

z 

O' 

00 


n — 

ft 0 O x 

0 o 

0 

Ul 


ft 

1 


-ft ©ft 

— X ft lA 

0 — 

tA 




M. 

c;oo 

O O O — 

0 0 

ft 

Q 


0 

o 

u.oo 

o o o o 

o o 

o 

« 

ft 

X 

Ui 

O 

• • 

• • • • 

5 • « 

• 

I 

Ul 

• 

r 

X 



1 


u. 

_l 

00 

o 

tA 





u 

z 

ft 



V X 

tA ft O O' 

0 0 

tA 

Ui 

ft© 


K 

Ul A A 

tA 0 0 0 

O ® 

O 




Ul 

Ui 


• • • • 

• • 




O' 

A 

1 in n 

tv O O' ft 

ft 0 

0 

o 

ft 

X 

X 

O |A iA 

in »A x x 

tA tA 

tA 

IL 

ui 

0 

< 

Ul 



J 


ft 

_i 

0 

u 

o i 


f 


o 

z 

m 


1A O' 

0 tA tA 0 

tA ft 

ft 

a. 

« 

©0 


Ul 

© 0 

tA 0 ® tA 

ft ft 

ft 




X 

ul 

« ; • 

- • • • • 

* . • 

» . 

i 


0 

cr 

a: 

C 0 

ft ft ft ft 

ft O 

O 

o 

ft 

0 

3 

13 

X X 

X X X ft 

X tA 

tA 

*- 

Ul 

©0 

ft 

Ul 





,ft 

-* 

©0 


o 


■ ! 

t 

1 

o 

z 

* 



o x 

— 0 tA rv 

Wft 

0 

ft 




ul 

— tA 

— ft ft © 

ft 0 

0 



1 

> 

Ul 

* • 

■ * • . • • 

• « 

• 

1 

(OF 

U 

OC tA ft 

— o o — 

tA 0 

0 

OC 

ft 

W O' 

o 

\D 

-ft ©ft 

— — — -u 

r* “■ 

M 

cc 

Ui 

lA • 


Ul 



| 

J 

o 

J ft O 


O 


1 '■ 

1 


ti z 

X — 



A — 

0 x Da 

— 0 

ft 

* 

©0 

0 — 

X 

Ul 

— 0 

— X tA X 

ft 0 

tA 



— 1 

Ul 

UJ 



• ♦ 




| 

z 

rr 

0 tA 

0 ft tD ft 

ft 0 

0 

o : 

ft 

• 

— 

19 


* 

f" ^ 

mrn 

cr 

Ul 

X 0 


Ut 


■ 

j 


o 


.CL tA 


o 



t 


u 

z 

Z ft 



— A 

ft tA ft X 

O 0 

ft 

Z 

©0 

ft 

tn 

Ul ft -o 

ft X 0 ft 

X X 

©« 




u 

Ui 

• • 

• • • » 

» * 

m 




z 

X 

rs ft 

0 X tA 0 

ft 0 

ft 




*" 

19 

Ul 


■ i 

r~ 

r 





a 


t i 

t 





t 


0 O 

15 

30 

60 

70 

£88 




1 

aj 









in 

o 

r* 

CO 


S 3 

41 

u 

CU 

ui 

o 

o 

X 


179 
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Rotor Pressure Ratio =1.3201 -03456 1.3055 80.43 
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Rotor Pressure Ratio =1.8673 .02766 - 1.8164 79.45 .9732 
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COMBINED BLOW AND SUCTION, STATOR BLADE ELEMENT PERFORMANCE 
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COMBINED BLOW AND SUCTION, STATOR BLADE ELEMENT PERFORMANCE 
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COMBINED BLOW AND SUCTION, STATOR BLADE ELEMENT PERFORMANCE 
AND DESIGN DATA 
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COMBINED BLOW AND SUCTION, STATOR BLADE ELEMENT PERFORMANCE 
AND DESIGN DATA 


3 1 

r%.» ui»«*»*i** 

i*N -_L> •»*]• J% D 3 ® , «1'«N *s- 

— <“* I m fN -o — o-l — »N 

* N.i- 4 ^ ^ ,o» ca o* o o 

-3 iHj . | |. ]-T 

; ■< \ - '*1 .<• <r *• ® *6 


— »- 1 a 

ut —— *cj N m n o Ofl I 
a |. »A 0*f — 

0^3 >»-oJ rs vs,! 


! 1 


a- o 

1 — <n 

o o 


1 — af «« ifl 

I ^ in o 

i Z » Ul »j Ns. -V Ns a* <n mi 

; — lt> tD| o — • ► lT> CM 

~ ^ — l » o- <> => — H — ' 

• *;•-»— -4—- 1 


■o • Ui . 

o w » m -c 


O co - ^ ^ rs. rs* 

-ji ^ «► « ^ in 


•* O O N-i N ni ^ T 
m d > t- l 


*! ' j ‘ 1 

N»n >i O — • 


» I • 

j» j»! j* 

! O N U 4 * • • • • 4 • N 

tUJ »ul JTj r j» -o »*• 9* • W »j 

ui*i in a ^ -o — in rs. -• 

ft- 3» ^*103--N NN»1 

U> !»- -4 ■ 

- tu. ■ ! . i- 

Ns H u» ■ ** ''*■ i 

[0-—CI4..** 

• w - -> ® rsj — o* 

• IS\ O) -o -o O *0 *“» Jl 4 4 

“ ~ m m <► 'O rs. n k o 


^ 'voi ji ifl O "<i r 

l-i ' I 

! OirtNfr 

N U JI O A ^ ® t 

• u 1 • • • • 


i CD 0*1 

I *»* t-l rf»‘ - ^ *•* E» 4 

_ ^ j> ^»: — ^ *© « ® o 

(b 15 J1 J) j> -o -0 -® 4 4 l> 

i a J i i 1 ! 

! 4j>n! 9> Nr» ^ 0-0 

— ' y ^ ^ r os, i( ® > 

i ui ♦ 

• XNNfs X®N ji4K 

a> v9 4 n »; in a| in i/i 

jo] i i J i 

j 3j y 9> : *s a> — -4 — l4 

1 UI <0 4 -(► > O d On 

*n. ui 4 • • • • • 4 •• 

» a: H/it *> o d o -o 

to v^— r-»— “-»rM N n n 

; U ) I t I ■; I > I I 

j ° J . ' ] 

. *'1 >s oo <► tfi w N »• O 

ui *4 -o ® a»-Oin a « 

— * f»***v 4 * 

i or *“»*■*•■ i -* >■’ a5 — f in 

O tf»lT T 5T no d T 

is J : 1 1 

«4 U ♦ • • • • • 

I ui »■) in in *o Or 

O (A Jii® jt ® <» rs. 



5 ~^777 

u. : U» 

C7 Nom 

— — o 4 • « 

i u) ui 4 n 

am N> n -rv in n n n 

> SJ»Tqr:»»1rtHov1 

ill I I j 1 

in o f» o - r H n ai 

n ui ^ • • • « • 4* 

I UJ rsjfs. -J- 5T -o > 

:cJmmr»#oa-(Kr*. 



W uj ■«’ m o ^ r*.; o — f * 

• ^nIt <N| 1 Ns. IN -» ajo 
:>- ^-Ol-o 4;^ U>ifl 


— -*'UI W® «o — *— — <►] -O 

a iw in-#na)N -ol 4 j> 

ui»; •N.r-Ivs.^'* m in ^ in in 




oti 0 I 4 n Oo> ooino*> 
UJ I 3^*0- xr o- <0 o- co N 
_* <: ••••••* • • 

OI— -4 — in iftN cn > a 
Z (nOiZ’NN^i^ 

— 1 j «► «o <► : *• — “ <d ® a- *y 

oc a -1 ao® — o — o<—®i 

O' Z I \ O ^ ^ 4 CD T > rt 

' -J ■< : « *• 

<«, —I C*— — 'n Jis ^ > O 

■< o z «>4 n r>#| ~ rn in n n 

i/t: i/y |m * 

jz ghssssssss 


n 3 ® »s,l^ — ■ , 

tr> ® vs, t*» -o < 

/ » ji »> — J» ® 
^o- o- 000 


j\ X <► ^» n» 4> 
N O T U> 
T T JI JI 4 ■« 


>0 Oimft t| 
y m N <N M N 
4 T on r <n[ 
nin m =r t '* 




1 o a o d 1 

i o a o cj 

. o o o oj 

1 o a o , 

» • • < 

i I 

> o o a d 

1 o a o a 

1 o o o d 

1 o o o a 1 


ui o 


(N O 

IN N ru O a 1^4 
3 O D O* ^ 9 . 

O* O* » ^ O' 


n 4 'N «N) 
I 4 OKM 


o a o cj 0 o 


o a a q 


I — lT> Ns -4 | 

■ 5T CN ' O- *^4 r 

<0 a- m •oj a 

3 o c» a q t 


-• «o : ® *o| ; 

PS. -* » 

1 in ® - irt. 


r a nn. iffl , 

IN rv IN rs| a 

l o O O q 1 

1 o o o q 1 


1 UV NS O* 3T| 

in>4 n 0 q o 

» • * « • 

> <N OO > N f 


uJ -I «4 


S: 


IN O’ 0*1*0 *NW Or 


Htn *o f 4» <o!*o < 


9-« ® 
in ui o*j: 
ci ui 


— 


<h° 8 
O 0 

a. -1 


D 

< 

» i 5 

u. < 
UI 


tL°^< 


5 < 

3 & 


Q ^ 
UJ < 

UJ H 

-J O 

g m d- 


in 


o 

OS 


I I I 


235 


.03932 .00710 1.349 78.29 .9840 



COMBINED BLOW AND SUCTION, STATOR BLADE ELEMENT PERFORMANCE 
AND DESIGN DATA 
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APPENDIX D 


A 



c 


D 

H 


SYMBOLS 

area, ft^ 

annulus area, ft^ 
frontal area, ft^ 
pressure coefficient 
chord length, in. 

Diffusion factor 

conversion factor, 32.17 lb m ft/lb sec^ 
interference shape parameter 

incidence angle, angle between inlet air direction and line tangent to 
blade mean camber line at leading edge, degrees 


1 


s 


M 

MR 

N 

n 


P 

P 

q 

r 

R 


incidence angle, angle between inlet air direction and line tangent to 
blade suction surface at leading edge, degrees 

Mach number 

mass average in radial directions 
rotor speed, rpm 

interger whose reciprocal defines the exponent for the power law 
representation of the boundary layer velocity distribution 

total pressure, psfa 
static pressure, psfa 

dynamic pressure, psfa 
radius, ft 

gas constant for air, ft-lb/lb m °R 
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s 

T 

t 

t/c 

U 

V 

Vm 

W 

P 

0 ' 

r 3 

7 

A/3 

A/3* 

5 

5 

5° 

5* 

e 

i? 


blade spacing, in. 
total temperature, °R 
static temperature, °R 
thickness-to-chord ratio 
rotor speed, ft/sec 
air velocity, ft/sec 

meridional velocity (Vr^ + Vz^) 1 / 2 , ft/sec 
weight flow, lb/sec 

absolute air angle, cot'* (Vm/V0), degree 

relative air angle, cot'^ (Vm/Vd'), degree 

Gerster shape parameter 

ratio of specific heats for air, 1. 4 

air turning angle, degree 

camber angle, degree 

ratio of inlet total pressure to standard pressure of 21 16.22 lb/ft z * 
Boundary Layer Thickness * 

deviation angle, angle between exit air direction and tangent to blade 
mean camber line at trailing edge, degrees 

boundary layer displacement thickness 

angle between tangent to streamline projected on meridional plane 
and axial direction, degree 

efficiency, % 

interference momentum loss area 
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*Symbols 5 and 0 have dual meaning in this report. Both are such common uses that a change 
might result in confusion. However the use in context should be clear. 



e 

6 

V 

P 

O 

CO 

CO 


ratio of inlet total temperature to standard temperature of 518.6°R* 
boundary layer momentum thickness* 
viscosity, ft /sec 

mass density, lb-sec^/ft 
solidity, ratio of chord to spacing 
total pressure loss coefficient 
angular velocity of rotor, radians/sec 


Superscripts 

* 

a 

ad 

fs 

P 

r 

m 

sh 

ss 

X 

z 


relative to moving blades 

designates blade metal angle 

axial direction 

adiabatic 

free stream 

polytropic or profile 

radial direction 

meridional direction (in z-r plane) 
shock 

suction surface 
free stream direction 
axial direction 


*Symbols 5 and 6 have dual meaning in this report. Both are such common uses that a change 
might result in confusion. However the use in context should be clear. 
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e 

o 

7 

8 

9 

10 
11 
12 


tangential direction 
plenum chamber 

instrument plane upstream of rotor 
station at rotor leading edge 
station at rotor trailing edge 
station at stator leading edge 
station at stator trailing edge 
instrument plane downstream of stator 
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